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• A direct replacement for all current 

commercially available catalytic debind 

feedstocks

• Improved flow

• Stronger green and brown parts 

• More materials available and better 

surface finish

• Custom scale-up factors available

• Faster cycle times

• 65°C / 150°F mold temperature

CataMIM®

• Water Debind

• Custom scale-up factors available

• Large selection of available materials

• Solvent, Super Critical Fluid Extraction (SFE) or 

Thermal Debind methods

• Hundreds of materials available

• Custom scale-up factors available

SolvMIM®

AquaMIM®

• At RYER, all our feedstocks are manufactured to the highest level of 

quality, with excellent batch-to-batch repeatability.

• RYER is the ONLY commercially available feedstock manufacturer to 

offer all five debind methods. 

• RYER offers the largest material selections of any commercially 

available feedstock manufacturer.

• RYER offers technical support for feedstock selection, injection 

molding, debinding and sintering.
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A selection of sample metal binder 
jet (BJT) components produced by 
Indo-MIM  
(Courtesy Indo-MIM)

Keeping MIM and CIM in 
the limelight

Publishing a magazine with a focus on Metal and Ceramic 
Injection Moulding is a harder task than you might imagine. When 
we published the first issue of PIM International back in March 
2007, it was very well received, but there were voices that said 
we’d struggle to keep it going.
 
Why? A combination of secrecy and the fact that many MIM 
producers were unused to self-promotion. Whilst secrecy around 
the process has eased significantly, thanks to a proliferation of 
MIM material and technology suppliers that negated the need to 
keep ’secret receipes’ secret, the task of marketing MIM remains 
a tough one.
 
By contrast, the metal Additive Manufacturing industry is brilliant 
at self-promotion. Born in the social media age, the only limit to 
AM’s reach is the imagination of the dynamic marketing teams at 
well-funded startups.
 
Now, as sinter-based AM technologies such as Binder Jetting 
(BJT) and Material Extrusion (MEX, FFF, etc) start to be 
commercialised by MIM producers seeking to leverage their 
crucial expertise in this brave new world, let’s do all we can to 
apply the same marketing enthusiasm to MIM and CIM as we do 
to new AM capabilities.
 
As leading MIM producer Indo-MIM suggests in the cover 
article of this issue, these technologies will co-exist, and the 
opportunities for both are huge. The team at PIM International, 
therefore, looks forward to promoting your news and articles 
about MIM and CIM – as well as your innovations in sinter-based 
AM – to a world of engineers more open than ever to discovering 
the potential of these technologies. Let’s make sure they 
don’t miss out on the power of injection moulding metals and 
ceramics. 

Nick Williams,
Managing Director & Editor
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compaction technology dispenses, 
spreads, and compacts ultra-fine 
powders with tight parameter controls 
to deliver excellent surface quality

www.desktopmetal.com

The Production  
System™ 
P-50

— 
P-50 per-unit costs compete with 
conventional manufacturing, while 
offering greater geometric flexibility  
and other AM 2.0 benefits

— 
Patent-pending Single Pass Jetting  
for fast production with consistent  
results supporting a robust library  
of MIM powders qualified to  
industry standards

Production 3D printing starts here
From metals to technical ceramics, 
our Additive Manufacturing 2.0 solutions 
now compete with manufacturing

PIM_intl_22 Spring_220316_final1.indd   1PIM_intl_22 Spring_220316_final1.indd   1 3/17/22   3:02 PM3/17/22   3:02 PM

https://bit.ly/3wH2vOI


March 2022    PIM International 5Vol. 16 No. 1  © 2022 Inovar Communications Ltd 5

March 2022

15 67 817138

61 Indo-MIM: Exploring the dividing line 
between Metal Injection Moulding and 
Binder Jetting   

 There can be few Metal Injection Moulding 
companies which are not keeping one eye 
on metal Binder Jetting (BJT). This rapidly 
progressing Additive Manufacturing process 
offers the promise of tool-free, high-volume 
production that can leverage much of an 
existing MIM producer’s expertise and 
equipment. Indo-MIM Inc., one of the world’s 
largest MIM producers, with operations in India 
and the US, started its exploration of Binder 
Jetting in 2019. 

 Here, the company’s Jag Holla shares his 
insight into what the company has learnt so far, 
and where he sees the dividing line between 
MIM and BJT.  >>> 

71 In MIM we trust: Integrating 
optical fingerprinting in metal 
injection moulded products     

 Metal Injection Moulding is a technology 
that, in addition to its industrial 
application, is widely used for the 
manufacture of luxury goods, from 
watch cases to the decorative logos for 
exclusive handbags. 

 For many such applications, the value of 
technologies for counterfeit prevention, 
quality control or identification for 
recycling purposes is very high. 

 Erik Dietrich, Applied Research Engineer 
at Demcon Metal Injection Moulding, 
Enschede, the Netherlands, reports 
on an innovative solution developed 
with Germany’s Tailorlux GmbH that 
enables the integration of unique 
optical fingerprint technology into MIM 
feedstocks.  >>>

https://www.pim-international.com/
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Automation is the key to high volume 3D metal printing. 

Digital Metal offers a complete 3D metal binder jetting 

system for the mass production of components with 

advanced geometries.

At the heart of the system is the DM P2500, a robust 

machine with an accuracy down to single microns, which 

vouches for excellent repeatability in serial production. 

Add to this the DPS 1000, the world’s first commercial 

automated depowdering station for metal binder jetting 

and the PPS 1000, a closed, fully automated powder 

handling system. When combined, these machines limit 

manual handling in high-volume production and minimize 

COMPLETE 3D METAL BINDER JETTING SYSTEM

DIGITAL METAL

post processing and waste. Discover a well-proven 3D 

metal binder jetting system that provides consistent 

repeatability, reliability, and cost efficiency. 

We also offer full support with introductory and ongoing 

training to ensure your success as well as our own 

printing services for serial manufacturing or prototyping.

Contact us today to learn more about how you can benefit 

from using the Digital Metal system.

CHECK OUT ALL THE BENEFITS AT  

DIGITALMETAL.TECH

®

THE DM P2500

THE PPS 1000

THE DPS 1000

https://bit.ly/3uxnOzt


77

77 Beyond Ceramic Injection Moulding 
The potential of Binder Jetting for complex 
ceramic structures  

 The combination of generative and algorithmic design 
with Additive Manufacturing is opening up a new world of 
opportunity for ceramics. Whilst Ceramic Injection Moulding 
has, until now, been the manufacturing process that 
offered the greatest level of design freedom for industrial 
production, ceramic AM now brings a level of freedom to 
produce complex structures that go far beyond what can be 
moulded. Prof Alberto Ortona, from the Hybrid Materials 
Laboratory at University of Applied Sciences and Arts of 
Southern Switzerland (SUPSI), explores ceramic Binder 
Jetting, the opportunities that it presents, and its current 
limitations. >>>

87 High-nitrogen, nickel-free austenitic stainless 
steel for Metal Injection Moulding 

 The ability of Metal Injection Moulding to efficiently 
manufacture complex stainless steel components to net 
shape has enabled it to become a go-to technology for 
sectors such as watchmaking, luxury goods and medical 
devices. However, the challenge of meeting the growing 
demand for nickel-free stainless steels presents a number 
of challenges for MIM producers. In this article, Pierre Girin 
and Jean-Claude Bihr, from France’s Alliance MIM, review 
these challenges and share insight into the processing of 
a material class that holds great promise for the industry.   
>>>

09 News
  

103 Advertisers’ index & buyer’s guide 
  Discover the leading suppliers of materials 

and equipment for MIM, CIM and sinter-
based AM, as well as part manufacturing 
partners and more. >>>

106 Events guide 
  View a list of upcoming events for the MIM, 

CIM & sinter-based AM industries. >>>

Regular 
features...

95 The sustainability of Metal 
Injection Moulding: From 
powder to feedstock and 
finished parts  

  A Special Interest Seminar in the 
programme of the virtual Euro 
PM2021 conference, organised by 
the European Powder Metallurgy 
Association (EPMA) and held 
October 18-22, 2021, focused 
on developments aimed at 
enhancing the sustainability of 
production by Metal Injection 
Moulding. This seminar 
comprised three presentations 
from representatives of different 
points in the MIM process chain.  
>>>
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Industry News

Alpha Precision Group won a 2021 
MPIF Design Excellence Award of 
Distinction for this MIM component 
used in IV pumps, along with its 
customer Elite Biomedical Solutions 
(Courtesy MPIF)
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Nichols Portland, Inc, headquar-
tered in Portland, Maine, USA, has 
acquired the assets of Alpha Preci-
sion Group, LLC (APG), St Mary’s, 
Pennsylvania, USA. Nichols designs 
and manufactures Powder Metallurgy 
components for use in fluid transfer 
devices and other automotive and 
industrial applications. It is also a 
portfolio company of Altus Capital 
Partners II, LP, an investment firm 
focused on middle-market industrial 
companies. The financial terms of 
the transaction were not disclosed.

APG is a metal-forming tech-
nology company providing Metal 
Injection Moulding and Additive 
Manufacturing components and 
assemblies, conventional Powder 
Metallurgy parts, high-tempera-
ture stainless steel PM, as well as 
high-precision valve assemblies to a 
global customer base. The company 
is comprised of five manufacturing 
plants located in Pennsylvania 
and Michigan, with over 400 team 
members.

Nichols Portland acquires Alpha 
Precision Group

“The APG acquisition is an excel-
lent complement to our existing value 
proposition that focuses on being a 
solution provider to our customers,” 
stated Thomas Houck, president and 
CEO of Nichols. “The APG network 
will bring additional and unique capa-
bilities to service an ever-changing 
marketplace. The acquisition of APG 
will allow us to further accelerate the 
depth and breadth of our capabili-
ties and ever-evolving needs of our 
customers. We feel that our approach 
to long-term customer relations and 
growth is highly aligned with the value 
and mission of Nichols.”

Heidi Goldstein, Partner at 
Altus, commented, “The combina-
tion of Nichols’ industry experienced 
management team, APG’s manage-
ment team, skilled workforce, and 
technical expertise, make us very 
excited about the growth possibilities 
of these businesses.”

www.alphaprecisionpm.com
www.altuscapitalpartners.com
www.nicholsportland.com  

Jiangxi Yuean Advanced Materials Co 
Ltd, Ganzhou City, China, has begun 
construction of a new Carbonyl Iron 
Powder (CIP) production line. The 
new CIP unit will have a production 
capacity of 6,000 metric tonnes per 
year, and is expected to be online by 
the end of 2022.

Jiangxi Yuean plans expansion of 
Carbonyl Iron Powder production

The company, which was first 
publicly listed in August 2021, 
currently has eight water atomisa-
tion lines and ten gas atomisation 
lines. Upon completion of the new 
CIP plant, the company will have a 
total CIP production capacity of over 
10,000 tonnes per year.

CIP is a high-purity iron 
powder, often selected for the 
uniformity of its particles, good 
electromagnetic performance 
and flowability, and its resulting 
high-quality end-use parts. 
Jiangxi Yuean supplies its 
Carbonyl Iron Powder to a variety 
of fields, including Metal Injection 
Moulding, Powder Metallurgy and 
diamond tools.

www.yueanmetal.com  

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/


107 Commerce Road  |  Cedar Grove, NJ 07009 USA  |  +1 973.239.6066  |  elnik.com

INNOVATION • QUALITY • EXPERIENCE • E
XC

EL
LE

NC
E •

 

More than a Global Leader.  
A Trusted Partner.
Elnik’s innovations and experiences in all areas of temperature and atmosphere management 
have led us to become the benchmark for the Batch-based Debind and Sinter equipment 
industry.  We have applied these core competencies across a wide variety of industries through 
our 50 year history and look forward to the emergence of new technologies  that will continue 
to drive demand for new innovative products. 

Innovation drives our manufacturing and design solutions 
Quality takes precedence in all areas of our business 
Experience motivates our team to always do what’s right 
Excellence is the benchmark for all customer relationships

From First Stage Debind Equipment (Catalytic, Solvent, Water) and Second Stage Debind & Sinter 
Furnaces (All Metal or Graphite) to support with ancillary utility equipment, Elnik’s experienced 
team is driven to be the only partner you need for all your MIM and Metal AM equipment 
for 2021 and beyond.
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Japan’s Seiko Epson Corpora-
tion has developed a pellet-based 
industrial Material Extrusion (MEX) 
Additive Manufacturing machine 
which is compatible with a variety of 
third-party materials. The new sinter-
based AM machine is expected to be 
used in a wide range of applications, 
including in the production of parts 
for final products, and will enable 
users to mass-customise their goods 
in support of small-batch production.

Through its subsidiary Epson 
Atmix Corporation, Seiko Epson is a 
leading producer of water atomised 
metal powders for Metal Injection 
Moulding, as well as a leading Japa-
nese producer of MIM parts both 
for in-house use and for external 
customers.

The new machine employs an MEX 
technique that is achieved using a flat 

Leading Japanese MIM company 
develops industrial MEX AM machine

Epson intends to commercialise its 
industrial Additive Manufacturing 
machine after in-house use and 
refinements (Courtesy Epson)

screw (an inline screw with a flattened 
configuration), similar to those found 
in Epson’s currently available preci-
sion injection moulding machines. 
This extrusion method enables the 
machine to be used with pelletised 
metal/binder feedstocks, as well 
as a variety of common third-party 
polymer materials.

Users can precisely control the 
amount of the chosen material 
injected by regulating the pressure 
within the head and by regulating the 
action of a valve in concert with the 
build speed. Epson employs a unique 
mechanism to control this tempera-
ture and achieve both strength and 
accuracy. 

The new Additive Manufacturing 
machine is said to be ideally suited 
to mass customisation, as it can 
produce small batches of parts 

tailored to customers’ needs, with 
higher quality, shorter lead times, 
and at cheaper costs than traditional 
manufacturing processes.

Epson debuted the machine at the 
International Robot Exhibition 2022, 
held in March at Tokyo Big Sight, 
Japan.

global.epson.com  

Avda. Parayas, 32 39011 Santander - España (Spain)
ecrimesa@ecrimesa.es  (+34) 942 334 511 

www.ecrimesagroup.com

New additive manufacturing facilites 
for prototypes and short batches.
— Investment Casting
— MIM
— Machining
— Additive manufacturing
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EFFICIENT STEEL AND 
ALUMINIUM PARTS 
DEVELOPMENT.
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Powder Metallurgy furnace manufacturer Fluidtherm, 
Chennai, India, has supplied its first TMax 1300°C 
roller hearth sintering furnace (RHF) to a multinational 
manufacturer of PM and MIM parts for the automotive, 
power tool, appliance, electronic and energy sectors. 
The TMax 1300°C RHF has a maximum capacity of 
twenty 600 mm2 graphite trays per hour, processing up 
to 450 kg per hour.

“Apart from inherent advantages of high-temperature 
sintering, such as superior mechanical properties, 
improved pore morphology, better diffusion of alloying 
elements such as in micro-alloyed parts, Fluidtherm 
provides its customers the features of in-line carbon 
restoration and a door enclosed CFD designed rapid 
gas cooling unit, with a high heat extraction capability,” 
stated N Gopinath, Managing Director of Fluidtherm.

The furnace, especially suitable for large, heavy parts, 
incorporates atmosphere lock doors at both ends for 
high atmosphere integrity, a Level 2.0 SCADA (super-
visory control and data acquisition) control system. 
The furnace conforms to ATEX (European directives for 
controlling explosive atmospheres) and NFPA (the US 
National Fire Protection Association) directives, and is 
equipped with features that allow the user to comply 
with the clauses of AMS 2750D.

In the course of developing the RHF for TMax 1300°C, 
the company noted that the RHF design can be easily be 
applied to a maximum temperature of 1180°C and thus 
become an alternative to mesh belt furnaces. While the 
high temperature capability would be absent from the 
TMax 1180°C version, the other benefits of RHFs, such 
as low gas consumption, higher atmosphere integrity, 
higher cooling rates and lower manufacturing cost will 
be available along with the elimination of mesh belt 
purchases and saving of the energy required to heat the 
belt.

www.fluidtherm.com  

Fluidtherm marks first sale 
of TMax 1300°C roller hearth 
sintering furnace

The TMax has a max capacity of twenty 600 mm2 graphite 
trays per hour (Courtesy Fluidtherm)

The EROWA PM 
Tooling System is 
the standard inter-
face of the press 
tools between the 
toolshop and the 
powder press 
machine.
Its unrivalled re- 
setting time also 
enables you to 
produce small  
series profitably.

PM Tooling 
System 

www.erowa.com

more info 
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Industry News

Saint-Gobain Research North 
America, Northborough, Massa-
chusetts, USA, a research company 
that designs, manufactures, and 
distributes a variety of technical 
materials using advanced manufac-
turing to develop innovative solutions 
in a variety of sectors, has utilised 
two Binder Jetting (BJT) machines 
from the ExOne Company, North 
Huntingdon, Pennsylvania, USA, to 

Saint-Gobain employs ExOne Binder 
Jetting for technical ceramics

research, develop and scale commer-
cial AM applications with technical 
ceramics, explained ExOne (now a 
Desktop Metal company) in a recent 
case study.

The R&D organisation at Saint-
Gobain comprises local teams 
dedicated to specific businesses, 
as well as a network of eight R&D 
centres that serve all the businesses 
of Saint-Gobain globally. Saint-Gobain 

Innovent and X1 25Pro systems 
at Saint-Gobain Research North 
America (Courtesy ExOne)

Nicholas Orf, Principal Scientist and 
Additive Manufacturing Leader at 
Saint-Gobain Research North America 
with the X1 25Pro (Courtesy ExOne)

Research North America is home to 
an AM team dedicated to improving 
the production or performance of 
Saint-Gobain products via AM, as 
well as advancing the use of Additive 
Manufacturing for ceramics within the 
Saint-Gobain portfolio.  

Saint-Gobain invested in its first 
ExOne BJT machine, an Innovent, in 
2018. The flexibility of the machine 
is said to have enabled the team to 
perform research on a variety of their 
ceramic materials. To further advance 
the initial materials research into 
production-ready applications, the 
company then invested in an X1 25Pro 
in 2020.

“The team is a centralised service 
for all Saint-Gobain business,” stated 
Nick Orf, Additive Manufacturing 
Group Leader. “We work closely with 
our business unit colleagues to iden-
tify where Saint-Gobain materials can 
be used in the 3D printing industry, 
where can we use the technology to 
develop new products internally, and 
where we can connect our business 
with startups and manufacturers in 
the AM space. We see Binder Jetting 
as a highly scalable technology, which 
is obviously very important if the 
process is to be used for commercial 
production.”

www.saint-gobain.com
www.exone.com  
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Thermoprozessanlagen GmbH

Designed, 
developed and 

made in Germany50
Years

Thermal Process Equipment for 
PIM Applications
Continuous Plants Batch Furnaces 

(Debinding, Sintering, HIP/CIP)

CREMER HIP Innovations GmbH

Smith Metal Products, Center City, 
Minnesota, USA, has extended its 
in-house machining options with the 
addition of a new CNC lathe. With 
this, the company’s post-processing 
capabilities now include a number of 
CNC 5-axis machining, CNC turning, 
coining and laser etching/engraving 
machines. Smith also has external 
sources for polishing, lapping, 
grinding and EDM wire cutting.

MIM is used to produce high 
volumes of precision parts, often 
eliminating machining stages due 
to its near net-shape production 
process. However, there are some 
applications where higher tolerances 
need to be achieved and, for these, 
Smith utilises its CNC machining 
capabilities.

“We’ve seen a big increase in 
interest for MIM parts requiring fine 
tolerances which are beyond MIM 

Smith Metal Products adds CNC lathe to 
expand in-house MIM post-processing

moulding capabilities,” stated Jim 
Beyer, Account Manager. “Secondary, 
post-process machining is often 
needed to produce these very precise 
round holes, threaded holes and 
smooth, flat surfaces for interfacing 
with other parts.”

Smith Metal Products produces 
MIM parts for a variety of industries 
including automotive, aerospace, 
firearms, medical, dental, recreation 
and appliances. Materials processed 
range from stainless steel, steel, tita-
nium, and most ferrous materials. 
Parts suitable for MIM at Smith are 
said to include those that have annual 
volumes of at least 25,000 pieces 
for a single component, or three or 
more parts that have annual usage 
of 10,000 or more and a finished part 
weight of less than 100 g.

In addition to its MIM capability, 
the company offers metal Binder 

Jetting (BJT) Additive Manufacturing 
to customers looking to evaluate and 
verify a product without the cost of 
building a test mould.

www.smithmetals.com  

An example of a Smith Metal Products 
MIM part post-processed using CNC 
machining (Courtesy Smith Metal 
Products)
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Arburg, headquartered in Lossburg, 
Germany, has announced new dates 
for its Technology Days event, which 
was originally scheduled to take place 
in Lossburg from March 16–19, 2022, 
but was postponed due to COVID-
19. It will now take place from June 
22–25, 2022.

The company states that the deci-
sion was made in order to ensure 
that the Technology Days event could 
take place safely for attendees. The 
popular event is usually attended by 
thousands, with over 6,000 invited 
guests attending the 2019 edition. The 
event offers attendees the chance to 
observe products and services, pres-
entations and participate in industry 
discussions.

“With regard to the currently 
unforeseeable further development of 
the pandemic, we consider it advis-
able that [the Technology Days] will 
not take place as planned from 16th 
to 19th March,” commented Dr Chris-
toph Schumacher, Arburg’s Director 
Marketing. “We will therefore post-
pone the event to 22nd to 25th June 
2022. This decision was made to 
provide the highest level of safety 
to our visitors and employees with 
regard to health protection and in 
order to facilitate the planning.”

www.arburg.com  

Arburg Technology 
Days to take place 
in June

GKN Powder Metallurgy announces 
Diego Laurent as new CEO
GKN Powder Metallurgy has 
appointed Diego Laurent as its new 
Chief Executive Officer, with imme-
diate effect. Peter Oberparleiter, who 
has been leading the company as CEO 
since 2012, is stepping down from his 
position after a long and successful 
career of more than thirty-four years 
with GKN.

Laurent joined GKN in 1993 and 
since then has held a number of 
senior finance positions within the 
GKN group in Brazil, Mexico and the 
USA. In 2013, he moved to the UK and 

was appointed Chief Financial Officer 
in 2018 to lead the Finance function 
for GKN Powder Metallurgy.

“I am very excited to lead our 
competent and forward-looking team. 
GKN Powder Metallurgy has been 
very successful in developing cutting-
edge technologies and has become a 
pioneer in sustainable innovation and 
digital manufacturing. I look forward 
to developing the company further 
with the clear goal of shaping the 
future of Powder Metallurgy,” stated 
Laurent.

Laurent holds a bachelor’s degree 
in economics, an MBA in finance, 
and a postgraduate qualification in 
production engineering.

www.gknpm.com  

Diego Laurent, new Chief Executive 
Officer at GKN Powder Metallurgy 
(Courtesy GKN Powder Metallurgy)

Desktop Metal, Boston, Massachu-
setts, USA, has qualified C10300, 
commercially pure copper with over 
99.95% purity, for use on the Produc-
tion System™, which utilises the 
company’s Single Pass Jetting™ (SPJ), 
a form of Binder Jetting (BJT) tech-
nology. The company also announced 
that it has developed and qualified DM 
HH Stainless Steel (DM HH-SS) for 
use in the same platform.

Due to copper’s excellent thermal 
and electric conductivity, its addition 
to the range of qualified materials 
will enable the manufacture of high-
performance parts at scale across a 
broad variety of industries. 

“Copper has been a highly 
requested material from many of our 
customers and prospects, and has 
applications spanning a broad variety 
of industries, from thermal hard-
ware found in air and liquid cooling 
systems to conformally cooled coils 
for transmission of high frequency 
currents,” stated Jonah Myerberg, 
co-founder and CTO. “We are excited 
to be able to expand our extensive 
Production System materials port-
folio to support customers looking 
to 3D print electrically and thermally 
conductive components at scale and 
at a fraction of the cost of conven-
tional manufacturing methods.”

Desktop Metal qualifies commercially 
pure copper and high-strength DM HH 
Stainless Steel for Production System

DM HH-SS is a custom, heat 
treatable-alloy that combines the 
tensile strength, ductility, and corro-
sion resistance of 13-8 PH stainless 
steel with hardness comparable 
to low-alloy steels, such as 4140. 
These attributes make DM HH-SS 
well suited to companies looking 
to eliminate the use of low-alloy 
steels, which require a subse-
quent plating step for applications 
needing corrosion protection. DM 
HH-SS is also a good material for 
conformally cooled injection tool 
core and cavity applications, where 
millions of injection strokes per year 
are required.  

“DM HH-SS is a compel-
ling alternative to 17-4 PH 
stainless steel that improves upon 
its mechanical properties while 
maintaining corrosion resist-
ance, making it suitable for critical 
components that previously required 
the use of low-alloy steels for their 
high hardness and strength,” added 
Myerberg. “The Production System 
allows customers to go to market at 
scale with this material and elimi-
nate operations, such as plating, 
which can create supply chain 
complexity and also be harmful to 
the environment.”

www.desktopmetal.com  
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Our metal injection molding feedstocks – available in POM-based (Advacat®) 
or wax-based (Advamet®) binder systems – will allow you to produce  
world-class precision parts for the aerospace/defense, automotive, firearms, 
industrial, and medical/implantable markets.

www.ampmim.com

GAIN A MATERIAL ADVANTAGE WITH 
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n   
n   Higher yield
n   Enhanced cracking resistance
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n   Superior homogeneity
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CADdent installs first ceramic AM 
machine from Lithoz
Lithoz GmbH, Vienna, Austria, has 
installed a CeraFab System S65 
Medical Additive Manufacturing 
machine at dental AM solutions 
provider CADdent, headquartered in 
Augsburg, Germany. This is said to 
be the first ceramic Additive Manu-
facturing machine purchased by the 
company.

With the installation of this 
machine, spurred on by the recent 

expansion in all-ceramic solutions 
in the dental sector, CADdent is 
broadening its range of manufac-
turing options as an industry-wide 
service provider. Appropriate 
premises have already been 
established, with space for ten 
Additive Manufacturing machines, 
which are to be purchased grad-
ually along CADdent’s planned 
growth path.

“In the future, CADdent will increas-
ingly use the manufacturing and 
engineering know-how we have gained 
in the areas such as 3D printing 
outside of dentistry to open up new 
market segments,” stated Manfred 
Goth, Managing Director, CADdent. 
“Before choosing Lithoz as our partner 
in ceramic 3D printing, we thoroughly 
researched the market and had various 
test parts produced. The results of 
these tests clearly showed us that 
only Lithoz could be considered as our 
partner in ceramic 3D printing.”

Dr Daniel Bomze, Head of Busi-
ness Unit Medical at Lithoz, added “[We 
are] very pleased to have gained such a 
professional and ambitious partner with 
the highest standards expected in the 
dental sector.”

www.lithoz.com
www.caddent.de  

Registration is now open for 
PowderMet2022: International 
Conference on Powder Metallurgy 
& Particulate Materials and the 
co-located AMPM2022: Additive 
Manufacturing with Powder Metal-
lurgy Conference. Organised by the 
Metal Powder Industries Federation 
(MPIF), the events are scheduled to 
take place in Portland, Oregon, USA, 
from June 12–15, 2022.

The event will feature over 200 
technical presentations from world-
wide industry experts presenting on 
Powder Metallurgy, MIM, particulate 
materials and metal Additive 
Manufacturing. In addition to the 
conference, there will be a co-located 
trade show with over 100 booths. 
This marketplace will allow leading 
companies to present the latest 
PM, MIM and metal AM equipment, 
powders, products, and services.

Further programme details and 
registration are available via the event 
website.

www.powdermet2022.org  

Registration 
opens for 
PowderMet2022 
conference and 
exhibition
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Keramische Folien GmbH & Co. KG

Tel.: +49 (0) 96 45 - 88 300
cts@kerafol.com

• Low weight
• Good mechanical stability
• Low heat capacity
• Solvent and acid resistant
• high open porosity
• dust- and particle-free surface
• homogeneous shrinkage
• Absorbtion of the binder into 
   the pores during the 
   debindering process
• Very smooth surface fi nish
• Compatibility to Molybdenum,
    CFC, RSiC
• Good to very good thermal 
    shock resistance 
• Handling and assembly 
    with robots possible

Al2O3      ZrO2     LTCC     MIM
Dentalceramics

Messe München, the organiser of the 
ceramitec trade fair, has announced 
that all is on schedule for the 2022 
edition to run at the Messe München 
Exhibition Center, Munich, Germany, 
from June 21–24.

The four-day event brings together 
the entire ceramics industry including 
manufacturers, users, and scientists 
in order to share expertise. More than 
15,000 participants are expected to 
attend with over 600 exhibitors from 
thirty-eight countries and regions 
showcasing their machinery, devices, 
systems, processes, and raw mate-
rials. Every branch of the industry is 
represented, from classic ceramics, 
through to industrial ceramics and 
ceramic engineering, to technical 
ceramics and Powder Metallurgy.

Dr Robert Schönberger, ceramitec 
Exhibition Director, commented, “We 
have a very stable booking situation 

ceramitec 2022 on 
track to take place 
in June

and, above all, very positive feedback 
from the industry. Our customers 
are looking forward to the trade fair 
in June and, in particular, to finally 
being able to see each other face to 
face again and not just on a screen.”

The trade fair will take place 
across three halls (C1 to C3), total-
ling an exhibition space of 40,000 m2. 
The exhibitors’ offerings will also be 
supplemented this year, for the first 
time, through two forums, with an 
extensive programme in the fields 
of technical ceramics, CIM, Additive 
Manufacturing, Powder Metallurgy 
and heavy clay ceramics. There will 
also be a special show on applica-
tions in hall C1.

Schönberger added, “ceramitec 
continues to be the leading trade fair 
in the ceramics industry, where the 
key providers present their innova-
tions and ideas. This is where all 
the main exhibitors for the industry 
sectors exhibit their entire range —
whether it’s manufacturers, users 
or representatives from the field of 
science.”

www.ceramitec.com  

Carpenter Technology Corporation, 
Philadelphia, Pennsylvania, USA, 
has announced financial results 
for its fiscal second quarter ended 
December 31, 2021. Net sales for 
the period were $396 million, up 
from $348.8 million in the second 
quarter of the fiscal year 2021, an 
increase of 14% on a 9% increase 
in shipment volume. Net sales 
excluding surcharge were $314.9 
million, an increase of $15.5 million 
(or 5%) from the same period 
in 2020. The results are said to 
reflect higher shipments to the 
medical, transportation, industrial 
and consumer and distribution 
end-use markets, partially offset by 
lower shipments to the aerospace 
& defence and energy end-use 
markets. For the quarter, however, 
the company reported a net loss 
of $29.4 million, or $0.61 loss per 
diluted share. Excluding the special 

Carpenter Technology reports increase 
in sales as demand continues to improve

item, adjusted loss per diluted share 
was $0.58 for the quarter.

“Demand continues to improve as 
the recovery takes hold across our 
end-use markets, with our backlog up 
35% sequentially and 106% year-over-
year,” stated Tony R Thene, president 
and CEO. “We continue to see signs 
of the aerospace recovery with lead 
times increasing despite any near-term 
uncertainties from the latest wave of 
COVID-19 cases.”

Operating loss was $31.5 million 
compared to an operating loss of $89 
million in the same period of the prior 
year (this figure included a goodwill 
impairment charge of $52.8 million). 
The improved results reflect higher 
sales as well as cost-savings actions 
taken in the fiscal year 2021. COVID-19 
related costs, the special item excluded 
from adjusted operating loss in the 
current quarter, totalled $1.7 million. 

www.carpentertechnology.com  
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The Center for Powder Metallurgy 
Technology (CPMT) has appointed 
Thomas Pfingstler of Atlas Pressed 
Metals, DuBois, Pennsylvania, USA, 
as its president. Pfingstler succeeds 
Arthur (Bud) Jones of Symmco, Inc., 
Sykesville, Pennsylvania, who has 
served as CPMT president since 
2018.

A long-time member of APMI 
International and the Metal Powder 
Industries Federation (MPIF) 
Standards Committee, Pfingstler 
received the MPIF Distinguished 
Service to Powder Metallurgy Award 
in 2019. He has a comprehensive 
understanding of PM technology 
and unique view of part design, 
production, and business manage-

Center for Powder Metallurgy 
Technology appoints Thomas 
Pfingstler as president

Thomas Pfingstler is the new 
president of the Center for Powder 
Metallurgy Technology (Courtesy 
MPIF)

ment, honed over a career spanning 
nearly forty years. Previous roles 
have included various management 
positions in production, quality, 
engineering and purchasing.

The Center for Powder Metal-
lurgy Technology merges the 
academic and corporate Powder 
Metallurgy worlds together with a 
joint goal to promote MIM and PM 
industry progress. The not-for-profit 
organisation was created in the 
early 1980s as an indirect result 
of a United States Department of 
Commerce effort to establish a 
series of ‘cooperative technology 
programmes’ involving several 
specific technologies. Each was 
selected by the government as 

being representative of growth 
technologies capable of enhancing 
the productivity of America’s 
manufacturing community.

www.cpmtweb.org  

It’s a matter of choice

www.cmfurnaces.com

High temp lab and industrial furnace 
manufacturer to the world

103 Dewey Street Bloomfield, NJ 07003-4237 | Tel: 973-338-6500 | Fax: 973-338-1625

info@cmfurnaces.com
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In the world of metal powders, Höganäs is always at the forefront of innovation.  

From more sustainable production processes to new and patented powder compositions, 

we are dedicated to offering you the optimal solutions while reducing environmental 

impact. With forAM®, our range of metal powders designed for additive manufacturing, 

we can offer powders designed for any application.

The forAM® range includes nickel, iron, cobalt, copper, titanium and aluminium powders 

in a variety of grades and compositions. Combining optimal powder performance with 

improved sustainability is a priority for Höganäs. In addition to our material innovations,  

we have also committed to Science Based Targets and are founding members of the 

Additive Manufacturing Green Trade Association, demonstrating our ongoing  

committing to leading sustainable transformation in our industry.

For improved sustainability, 
variety and performance, 
choose forAM®
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Headmade Materials GmbH, Wuer-
zburg, Germany, has been selected 
for the EU Commission’s EIC Accel-
erator programme. As such, the 
company will receive €5.85 million 
in support from the programme in 
an effort to bring its technologies to 
market faster, placing it among the 
programme’s top ten German compa-
nies. 

“The funds from the EIC Accel-
erator programme will give us the 
additional resources we need to 
increase our speed even more and 
offer our technology to a broader 
international customer base,” stated 
Marius Geldner, CFO of Headmade. 
“Speed is one of the keys to success, 
especially in the international 
competitive environment.”

Headmade also closed a €2.5 
million Series A financing round with 
Additive Manufacturing specialist AM 
Ventures as the lead investor. The btov 
Industrial Technologies Fund also 
participated in the funding round as 
an existing shareholder.

“With decades of experience in 
industrial 3D printing, AM Ventures is 
the perfect fit for us,” stated Christian 
Staudigel, CEO and co-founder of 
Headmade Materials. “In addition, 
the collaboration with our existing 
investor btov Industrial Technologies 
Fund has already worked excellent 
within the Additive Manufacturing 
market. With the support gained, we 
will accelerate the transformation 
of metal 3D printing into volume 
production and, together with 
our customers, bring numerous 
applications to market.”

The sinter-based Additive Manu-
facturing process used by Headmade, 
Cold Metal Fusion, enables the series 
production of complex metal parts in 
large quantities of over 100,000 parts. 
This distinguishes the process from 
common metal AM processes, which 
may be more limited in terms of both 
speed and manufacturing costs for 
larger series.

The company states that it will use 
the funds for the extensive expansion 

Headmade Materials raises over 
€8 million in funding

of production capacities, the product 
portfolio and international sales. It 
will also use the additional funds to 
provide international users access 
to the company’s technology and to 
greatly expand production capacities 
for its own feedstock material. On the 
product side, further materials and 
alloys will be released and optimised 
hardware will be made available in 
cooperation with partners.

Arno Held, Managing Director 
of AM Ventures, commented, “We 
have been observing Headmade 
Materials for quite some time and 
are impressed by the company’s 
development in the last few years. 
The great scope of applications the 
technology enables and the successful 
projects that the team of Christian 
Fischer and Christian Staudigel have 
carried out speak for themselves. We 
are very excited to now have become 
part of the Headmade journey and to 
take the next steps together.”

www.headmade-materials.de  
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Foerster Group, headquartered in 
Reutlingen, Germany, has introduced 
a new, non-destructive automatable 
solution for testing sintered compo-
nents using induction thermography. 
The technique allows for contact-free 
crack detection on metal components 
and is particularly suited to parts with 
complicated shapes where test areas 
can be difficult or impossible to access 
with eddy current probes.

The process is reported to identify 
open cracks, pores, heat treatment 
cracks, forging laps, welding defects, 
etc. It can be used on rough, uneven 
surfaces and surfaces coated with 
water or oil, with testing done in less 
than one second.

The induction thermography 
method is suitable for the examina-
tion of semi-finished products as well 

Foerster offers 
new induction 
thermography part 
testing

through the heat conduction of the 
material. However, the range into the 
material is limited by the penetration 
depth of the induction.

The thermal recordings are 
analysed with video and image 
processing algorithms. On a ther-
mography recording, the hot-spots 
leave a crack signature similar to a 
string of pearls. In contrast, other 
surface features, such as roughness 
and scratches, are suppressed. This 
way cracks can be detected that would 
be difficult or impossible to distin-
guish in a conventional photo. The 
high contrast and characteristic shape 
of cracks in induction thermography 
images allows for reliable algorithmic 
detection and enables the full automa-
tion of the procedure.

Induction thermography is said to 
offer a particular advantage on compo-
nents that have special structural 
properties, such as threading, gearing, 
blades or profiles. Suitable parts 
include those that are forged, sintered 
and additively manufactured.

www.foerstergroup.com  

as complex-shaped components. A 
current induced into the workpiece 
generates localised hot-spots at the 
defects in the material. These hot-
spots can be detected through their 
heat radiation with an infrared camera.

A typical system consists of an 
infrared camera and an inductor, with 
a generator for high-power pulses. 
The inductor is positioned such that a 
magnetic field pulse induces currents 
in the test area, heating the part by a 
few degrees Celsius. Simultaneously 
the camera is recording the area. The 
camera captures the heat radiation, 
which is emitted as infrared light, and 
creates a temperature image of the 
surface. 

If there are defects (cracks) in 
the test area, the induced current is 
deviated and is locally displaced or 
squeezed. Consequently, those loca-
tions in the part are heated more 
strongly. When such hot-spots form 
directly at the surface, they emit heat 
radiation and are visible to the camera. 
The heat from hot-spots within the 
material can also reach the surface 
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signaturevacuum.com
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• Powders for magnetic core 
and SMD

• Powders for MIM 

• Pre-alloy powders for dia-
mond tools

• Powders for auto engine valve 
seats and guides

• Powders for filtering materials
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AT&M Expands Capacity To 10000 Tons, Possess 13 Production lines, 
Focus On Soft Magnetic Powders and MIM Powders, The New Joint 
Venture Located In Bazhou City,Hebei Province,China

C

M

Y

CM

MY

CY

CMY

K

pim international 2016-09.pdf   1   30/08/2016

Advanced Technology (Bazhou) 
Special Powder Co.,Ltd

No.76 Xueyuan Nanlu, Haidian 
Beijing,100081, China
Tel:+86(10)-62182464
Email:powdermetal@atmcn.com
http://www.atmcn.com

Burkard Metallpulververtrieb GmbH 
Tel. +49(0)5403 3219041
E-mail: burkard@bmv-burkard.com

Sales Agent in Europe
Burkard Metallpulververtrieb GmbH
Tel. +49(0)5403 3219041
E-mail: burkard@bmv-burkard.com

2021 December  PIM advert - AT&M.indd   12021 December  PIM advert - AT&M.indd   1 09/03/2022   12:22:0809/03/2022   12:22:08

https://bit.ly/36EfupE


PIM International     March 202226 © 2022 Inovar Communications Ltd   Vol. 16 No. 1

| contents | news | advertisers | events | website | e-newsletter |Industry News

Metal Powder Emergence offers metal 
powders and consultancy services
Metal Powder Emergence Ltd (MPE), 
headquartered in London, UK, is 
a recently established business 
providing gas atomised metal 
powders for Additive Manufacturing 
as well as Metal Injection Moulding, 
Hot Isostatic Pressing (HIP) and cold/
thermal spray applications.

Before founding MPE, Dr Gordon 
Kerr, the company’s CEO, spent 
ten years at Phoenix Scientific 
Industries (PSI) where he worked with 
customers and collaborators devel-
oping VIM gas atomised powders for a 
range of applications and sectors. “My 
experience over the past ten years 
has shown that it’s possible to supply 
high-quality additive metal powders at 
a cost which is more closely aligned 
with the client’s needs,” stated Kerr.

MPE is currently working with 
a key business partner to provide 
cost-effective, high-quality metal 

powders, which are manufactured 
in accordance with ISO 9001. The 
powders are melted under vacuum, 
which provides clean, free-flowing 
powders with high sphericity, vital for 
many AM processes.  

“Generally, lead times are shorter 
compared to many other powder 
providers. All powders are requalified 
using 3rd party independent UK 
analytical service test houses which 
are also ISO 9001 compliant,” added 
Kerr.

Established alloy powders based 
on aluminium, cobalt chrome, copper, 
titanium, nickel superalloys, stainless 
steels (316L, 17-4PH) are available, 
as well as the supply of bespoke 
novel alloy compositions. Technical 
and manufacturing consultancy is 
offered to assist in the development of 
powder alloy compositions tailored to 
meet clients’ needs.

With a PhD in Chemistry from 
Heriot-Watt University in Scotland, 
Kerr has played a key role in European 
and UK funded projects with Innovate 
UK, Faraday and NATEP/ATI. He has 
previously held Managing Director 
positions and delivered growth within 
high-technology businesses, developing 
and implementing strategies to address 
various market and customer needs, as 
well as driving teams to common goals. 

MPE can take a product from R&D 
scale to full-scale production manu-
facturing utilising marketing and sales 
expertise in order to meet a range of 
market needs. Kerr is primarily focused 
on developing novel AM materials for 
applications such as nanotechnology, 
responsive and smart materials for 
markets such as aerospace, marine, 
battery applications and space explora-
tion. MPE has recently collaborated on 
new projects and applied for UK grant 
funding with a leading UK University 
in Materials Science and two well-
established UK organisations.

www.metalpowderemergence.com  
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Wittmann Group changes 
MIM brand strategy

New Additive Manufacturing 
Standard for Material 
Extrusion processes

The Wittmann Group, headquartered in Kottingbrunn, 
Austria, has announced a change to its brand strategy. 
Rather than operating under the name Wittmann 
Battenfeld for its Battenfeld Metal Injection Moulding 
machines and processes, the company has decided to 
continue under the name Wittmann for all of its products.

In recent years, the group has made note of the 
competitive leverage from being able to offer complete 
MIM system solutions from a single source. The strategy 
change was made in consideration of this, further 
emphasising the singular nature of the brand by intro-
ducing a uniform designation and colour scheme for the 
entire product range.

The change of external appearance began January 1, 
2022, and is expected to be completed by October 2022. 
No changes in organisation or company names are 
expected.

www.wittmann-group.com  

ASTM International’s Additive Manufacturing technologies 
committee (F42) has approved a new standard guide 
for the use of layer-based Material Extrusion (MEX) 
processes in Additive Manufacturing.

“The new standard will help product designers take 
advantage of the unique capabilities of Material Extrusion 
processes,” stated David Rosen, ASTM International 
member. “By following the design rules and guidelines 
offered in this guide, designers will learn how to 
design potentially novel, geometrically complex, high-
performance parts.”

Rosen notes the new standard (soon to be published 
as F3529) will help product designers, practitioners, and 
students to learn about the capabilities, benefits, and 
limitations of MEX processes as well as process-related 
limitations when designing parts. The standard will help 
managers when making decisions about product develop-
ment and manufacturing resource needs.

The AM technologies committee added that it is 
seeking interested parties who would like to participate 
in the development of future design standards for specific 
AM processes and for specific application areas.

“We are looking for people to help evaluate technolo-
gies that impact AM usage and applications, such as AM 
process simulation software, AM pre-processing software, 
post-processing technologies, and other topics,” Rosen 
concluded.

www.astm.org  
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Arburg releases 
2021 sustainability 
report
As part of its arburgGREENworld 
programme, leading injection 
moulding machine supplier Arburg 
GmbH + Co KG, Lossburg, Germany, 
has published its 2021 sustainability 
report. This report shares the 
company’s plans and practices for 
long-term sustainability in all relevant 
areas.

It was stated that the guiding 
principles of the arburgGREENworld 
philosophy include giving value to 
resources, reducing emissions, 
putting finances to good use for 
Arburg and its employees and 
understanding digitalisation as 
sustainability.

As an example of its sustainability 
commitment, Arburg put forth its new 
assembly hall. With an expanded floor 
area of 28,500 m2, the company is able 
to use the energy supplied to heat the 
building in a cost- and carbon-neutral 
manner; the same is said to be true of 
its other assembly halls constructed 
over the recent years. In addition, the 
use of photovoltaics and geothermal 
energy contributes significantly to 
sustainable energy management.

Key figures from the sustainability 
report include:

• 90% of all waste generated in 
2020 was recycled

• 20% of the company’s water 
consumption comes from 
collected rainwater

• 9 million kWh of solar energy 
were generated through photo-
voltaics and used in house by 
Arburg in 2020; this corresponds 
to the energy needs of over 500 
four-person households.

• 3 million kWh of wind energy 
were generated in 2020; this 
corresponds to the energy 
needs of over 340 four-person 
households

• Over 90 million kilograms of 
carbon emissions were saved 
between 2010 and 2020.

www.arburg.com  

Industrial mixing and blending 
machinery manufacturer Winkworth, 
Basingstoke, UK, has strengthened its 
team with the appointment of Callum 
Lindsay to the role of Design/Project 
Engineer and Kyle Hillman to Quality 
Control/Health & Safety Assistant.

In his role at Winkworth, Lindsay 
will be responsible for progressing 
projects from inception to the finished 
product, overseeing the design and 
manufacture. He also has engineering 

Winkworth strengthens team

responsibility for ATEX compliance 
and will act as a customer liaison.

Hillman brings years of experi-
ence in inspection, quality control 
and auditing, having worked on 
contracts for a number of aerospace 
manufacturers. At Winkworth, he will 
be responsible for establishing robust 
inspection regimes and controls, to 
aid in-house manufacture and the 
development of key suppliers.

www.mixer.co.uk  
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Incus closes Series A investment 
round, adds former EOS CEO Adrian 
Keppler to team

Incus GmbH, Vienna, Austria, reports 
that it closed a Series A investment 
round in Q4 2021 which included 
existing investor AM Ventures. Addi-
tionally, the company announced 
the appointment of Adrian Keppler, 
former CEO of EOS GmbH, as an 
investor and growth consultant.

Founded in 2019, Incus provides 
lithography-based metal manufac-
turing (LMM) technology, defined 
as a Vat Photopolymerisation 
process (VPP) by ISO/ASTM. With the 
announced Series A investment, Incus 
aims to accelerate the development 
of its LMM technology and further 
industrialise its current AM solution.

In the last two years, Incus has 
grown its team from four to sixteen 
employees, and Keppler has been 
brought on board to offer guidance 
on further growth. It is hoped that 
Keppler will help to transform Incus 
from a product to a solution business 
focusing on overall customer success.

“Any new industrial AM solu-
tion has to prove additional value,” 
commented Keppler. “The Incus LMM 

technology is competing with Metal 
Injection Moulding, Powder Metal-
lurgy as well as Investment casting 
processes. We are working with 
world-leading companies active in 
the Incus core industries to trans-
form applications from traditional to 
Additive Manufacturing.”

“These success stories are key 
for the further adoption of the LMM 
technology and development from 
niche to mainstream,” he continued. 
“I’m excited to join the Incus team, 
help them bring their technology to 
the forefront of the industry and to 
profitably grow the business.” 

The company intends to team up 
with industry leaders to get feedback 
on their expectations in industrial-
ised AM part production with a new 
AM machine concept including a 
larger building volume and simplifi-
cation of post-processing steps. This 
evolution in combination with auto-
mation is anticipated to lower the 
cost per part and allow the manu-
facturing of larger parts at the same 
build speed.

“The continued support of our inves-
tors underscores the potential of our 
technology and enables us to expand 
our operational and R&D capability,” 
stated Dr Gerald Mitteramskogler, 
CEO of Incus. “Our production-scale 
printer is symbolic of our future goals. 
In sinter-based AM, post processing 
and the manual work it entails is time-
consuming and we are planning to 
provide new solutions to simplify these 
steps, especially for smaller parts.”

Incus explains that the post-
processing of smaller, complex 
additively manufactured green parts, 
specifically the cleaning step, can 
account for more than 50% of the total 
manufacturing costs due to manual 
labour. As a part of the company’s LMM 
technology, it is developing new ways 
of simplifying these steps to mini-
mise labour via automation and reduce 
costs.

Johann Oberhofer, Managing 
Partner at AM Ventures, added, “Post-
processing is one of the biggest pain 
points in Additive Manufacturing. We 
believe that with Incus and the LMM 
technology we have a manufacturing 
solution in our portfolio that can bring 
the industry closer to a practical solu-
tion for mass manufacturing.”

www.incus3d.com
www.amventures.com  

The Plansee Group has opened 
registration for its 20th Plansee 
Seminar, the International Confer-
ence on Refractory Metals and 
Hard Materials. The event will take 
place May 30–June 3, 2022, at the 
group’s headquarters in Reutte, 
Austria.

Plansee has stressed that the 
seminar will follow all COVID-
related regulations made by the 

EU and/or the Austrian government 
which may be in place at the time of 
the event.

The technical programme will 
cover the following topics, addressed 
in keynote lectures, technical 
sessions and poster presentations:

Refractory metals and composites
• Applications
• Materials

• Powder
• PM processes
• Simulation and modelling
• Characterisation and testing

PM hard materials

• Applications
• Materials
• Powders and Powder Metal-

lurgy processes
• Surface engineering
• Simulation and modelling
• Characterisation and testing

www.plansee-seminar.com  

Registration open for 20th Plansee 
Seminar

View our Advertisers’ 
index & buyer’s guide 
on pages 103-105
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The Green Polymer Additives Business Unit of Emery 
Oleochemicals, headquartered in Cincinnati, Ohio, USA, 
has become the latest member of Germany’s Metal 
Injection Moulding Expert Group (MIM Expertenkreis), a 
technical working group formed by the German Powder 
Metallurgy Committee consisting of industrial companies 
and research institutes.

The MIM Expertenkreis focuses on all aspects of Metal 
Injection Moulding and currently includes more than 
thirty-five members, representing part producers, equip-
ment makers, feedstock suppliers and research centres.

The group is supported by the Fachverband 
Pulvermetallurgie, the Verein Deutscher Ingenieure (VDI), 
the Deutsche Gesellschaft für Materialkunde (DGM), the 
Deutsche Keramische Gesellschaft (DKG) and the Verein 
Deutscher Eisenhüttenleute (VdEH).

Emery Oleochemicals offers a broad range of sustain-
able polymer additives, including binders, for both MIM, 
CIM and sinter-based Additive Manufacturing feed-
stock. The company’s polyamide-based binder system is 
supplied as a ready-to-use solution to be compounded 
with the powder to make a feedstock. It also supplies 
single ingredients for customers that want to tailor the 
binder composition to their specific requirements.

www.emeryoleo.com | www.mim-experten.de  

The Metal Powder Industries Federation (MPIF) 
reported a successful MIM2022, the International 
Conference on Injection Molding of Metals, Ceramics 
and Carbides. This year’s event was hybrid, with the 
in-person portion taking place in February in West Palm 
Beach, Florida, USA, and attracting 104 attendees. 
The virtual portion brought a further seventeen. The 
attendance breakdown this year consisted of 27% parts 
manufacturers, 30% powder & feedstock suppliers, 
24% equipment & service providers, 8% end users/
consumers, and 11% other.

The conference began with keynote speaker Gary 
Jaworek, Johnson & Johnson, Medical Devices, who 
highlighted the recent developments the company 
has made to improve its speed to market and design 
processes utilising Metal Injection Moulding and metal 
Additive Manufacturing during its process development. 
He also shared some of the company’s sustainability 
goals that they are working on both internally and with 
their suppliers.

In addition to twenty-seven technical presentations, 
eighteen companies showcased their products and 
services at the tabletop exhibit. Fourteen exhibitors also 
provided ‘infomercials’ for their companies intermit-
tently throughout the Tuesday.

The Metal Injection Molding Association (MIMA) 
again provided six students with a grant to attend 
the conference and present a technical presenta-
tion. The recipients were given the opportunity to hear 
cutting-edge presentations, make connections with 
professionals in the field, and gain exposure to the MIM 
industry, while also being given the platform to present 
on the work at each of their respective universities.

This year’s grant-winning students were:

• Kameswara Ajjarapu, University of Louisville, USA

• Nicolas Charpentier, FEMTO-ST, France

• Luke Malone, University of Louisville, USA

• Stefan Rathfelder, Pforzheim University/Montanuni, 
Leoben, Germany

• Derek Shaffer, Penn State University, USA

• Xuehiu Yang, Indiana University – Purdue University 
Indianapolis, USA

Prior to the MIM2022 conference, all registrants 
were able to attend the Powder Injection Molding (PIM) 
Tutorial, presented by Matt Bulger, former MIMA and 
MPIF president.

www.mpif.org  

Emery Oleochemicals joins 
Germany’s MIM Expert Group

MIM community united once 
more at MIM2022 hybrid 
conference
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Sandvik reports strong growth in 2021

Sandvik AB, Stockholm, Sweden, has 
published its Annual Report for 2021, 
noting a successful year with strong 
delivery on its focus on growth. The 
group reported a total order intake 
of SEK 108,898 million. Revenues of 
SEK 99,110 million up 15% from SEK 
86,409 million in the previous year. An 
operating profit of SEK 18,451 million 
before tax was also up from 2020’s 
SEK 11,238 million.

A breakdown of revenues by 
customer segment showed that 
40% was generated in mining; 23%, 
engineering; 9%, infrastructure; 8%, 
automotive; 8%, energy; 4%, aero-
space, with 7% going to unspecified 
segments. By region, 34% of revenue 
came from Europe, 22% from North 
America, 20% from Asia, 10% from 
Africa and the Middle East, 9% from 
Australia and 5% from South America.

“2021 was a successful and 
eventful year for Sandvik, when 

we delivered on our strategy and 
made important progress in the shift 
to growth. It was a year with high 
acquisition activity and significant 
new additions that are further 
strengthening our position, both 
geographically and technologically in 
terms of exposure to various customer 
segments,” stated Stefan Widing, 
President and CEO.

Throughout 2021, the group 
acquired ground support product 
provider DCI Underground; integrated 
software platform supplier Deswik; 
software solutions companies CNC 
Software, Cambrio and ICAM technolo-
gies; metrology solutions providers 
DWFritz Automation and Dimensional 
Control Systems; round tools suppliers 
GWS Tool Group and Chuzhou Yongpu 
Carbide Tools and Fanar; mining 
industry supplier Kwatani and medical 
wire forming and component manu-
facturer Accuratech Group.

“We have a strong focus on 
growth,” continued Widing. “We have 
identified a number of key areas 
in our customers’ value chains 
where we want to establish leading 
positions, and where we help our 
customers further enhance their 
productivity. Key strategic growth 
areas in which we have significantly 
advanced our positions include CAM 
software, industrial metrology, round 
tools, ground support and mine 
planning.”

In October, the Sandvik Board 
made a decision to continue the 
process for a distribution of Sandvik 
Materials Technology to its share-
holders and to list the company on 
Nasdaq Stockholm. “I am convinced 
this is very positive for both Sandvik 
and Sandvik Materials Technology, 
which will have even better opportuni-
ties and conditions to grow as two 
separate, and even more focused, 
world-leading companies,” added 
Widing.

www.home.sandvik/en  

Tekna Holding AS, Sherbrooke, 
Quebec, Canada, has reported an 
increase of 25% in materials revenues 
year on year in the fourth quarter of 
2021. Annual materials order intake 
also rose 46% year on year, bringing 
the materials order backlog to 
CAD$10.2 million while the total order 
backlog stood at CAD$15.3 million.

“Tekna reported a solid order 
intake for materials in the fourth 
quarter, raising our order backlog 
to a record, amid strong demand 
from the aerospace industry,” stated 
Luc Dionne, Tekna Holding’s CEO. 
“The market outlook for Additive 
Manufacturing, which accounts for 
approximately 60% of Tekna’s total 
revenue, remains positive, with 
demand in consumer electronics 
in China showing promising 
developments and sales in medical 
implants climbing towards pre-COVID 
levels.”

Tekna order intake up 46%; announces 
consolidation of European metal 
powder production

Adjusted earnings before interest, 
taxes, depreciation and amortisation 
(EBITDA) in Q4 were reported at 
-CAD$3.3 million, compared to 
CAD$4 million in Q4 of 2020 in line 
with year-to-date forecasts. Total 
revenues were said to have decreased 
due to a decline in system sales 
year-on-year, caused by temporary 
COVID-related delays. The EBITDA 
was affected by lower systems 
revenue and high foreign commis-
sioning costs arising from COVID 
restrictions.

European powder produciton
In January, Tekna announced the 
consolidation of its AM powder 
production in Europe at a new facility 
in Pont-de-Veyle, in eastern France, 
in an effort to allow the company 
to exist nearer to its European 
customers. In a move hoped to 
strengthen its supply chain resilience, 

the company signed a nine-year lease 
on the facility.

The 8,000 m2 building is designed 
to hold up to 1,500 tons of powder 
manufacturing capacity for the 
production of nickel, aluminium 
and titanium powders. The facility 
also allows for further expansion 
of production capacity and for inte-
grating printed electronics and energy 
storage activities at a later stage.

The plant is part of Tekna’s ten-
year business plan – launched in 2021 
– to develop and accelerate growth 
in all three of its powder business 
segments. This facility enables the 
company to be closer to its portfolio 
of European customers, including 
previously announced and upcoming 
long-term supply agreements signed 
with major aerospace OEMs.

“This facility will be the centre-
piece of a supply chain that is 100% 
European-based, ranging from feed-
stock procurement to manufacturing 
of advanced powders, and delivery 
to point-of-use, with fully traceable, 
closed-loop material recycling,” 
stated Dionne. 

www.tekna.com  
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Lithoz dispatches first 
shipment from new 
production site

Lithoz GmbH, Vienna, Austria, has recently dispatched the 
first shipment from its fourth global production site. This 
investment into new infrastructure and expanded capacities 
is intended to reflect a key factor of Lithoz’s growth strategy, 
providing faster and more professionalised quality manage-
ment, as well as scalable logistic chain processes.

The new central warehouse is hoped to enable a much 
quicker turnaround of orders due to a scalable production 
and expanded storage capacity for raw materials. A moni-
tored production environment (comparable to ISO 8 clean 
room level) and a central quality assurance laboratory provide 
quality control throughout every step of the manufacturing 
process.

“During the planning and implementation of this new 
production site, we focused on sustainability, scalability and 
reliability,” stated Dr Daniel Bomze, the hub’s project leader. 
“We are ready and extremely well prepared for meeting the 
fast growing demand of our customers.”

www.lithoz.com  

Solar Atmospheres reports 
positive results from new 
sintering vacuum furnace

After a month’s production, the new retrofitted 
vacuum furnace from Solar Atmospheres of Western 
PA, Hermitage, Pennsylvania, USA, is reported to be 
performing with positive results. Originally announced 
in 2021, the furnace is intended for use in Metal Injec-
tion Moulding and sinter-based Additive Manufacturing 
applications.

After repeated 1,316°C sintering cycles, the hot 
zone is said to have remained immaculately clean, with 
the problematic binders coalescing exactly where they 
were targeted to consolidate: within a separate heated 
pumping port, thus keeping the primary pump and 
booster uncontaminated. The customer utilising the 
furnace also reported that its sintered parts processed 
in this new furnace ‘never looked better’ and met 
critical density and dimensional requirements.

The company anticipates that maintenance savings 
on this dedicated furnace versus processing in a 
traditional vacuum furnace will be considerable; 
processing this job in a conventional vacuum furnace 
required a scheduled monthly shutdown. Solar’s 
maintenance team had to extract the hot zone; replace 
the ceramics; clean or replace the power feed through 
terminals; scrape the cold walls; clean the diffusion 
pumps; and scour all the pumping system pipes. The 
added labour and material costs coupled with the lost 
production time and degradation on the life of the 
hot zone cost the company more than $180,000 per 
year. The projected maintenance costs on this newly 
designed sintering furnace will be $10,000 per year.

“Knowing the effects that MIM and certain AM 
processes have had on our equipment in the past, 
Bill Jones and the engineers at Solar Manufacturing 
developed an innovative solution for us,” stated Bob 
Hill, president of Solar Atmospheres of Western PA. 
“Having this newly designed vacuum furnace will be an 
asset for our future in MIM and AM processing.”

www.solaratm.com  

The projected maintenance costs on the retrofitted 
vacuum furnace are 94% less than the labour and 
material costs of maintaining a traditional vacuum 
furnace (Courtesy Solar Atmospheres of Western PA)
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CIM-Feedstocks 
From Experts for Experts
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Technologies GmbH

3 Binder-Strategy

Sturdy Cycles employs laser/
sinter-based hybrid process 
for titanium bike parts

British bicycle manufacturer Sturdy Cycles, based in 
Frome, Somerset, has announced the switch to Cold Metal 
Fusion (CMF) Additive Manufacturing, a hybrid laser/
sinter-based process, for the production of its titanium 
components. Sturdy will utilise CMF technology, developed 
by Headmade Materials GmbH, Würzberg, Germany, via 
the titanium manufacturing specialist Element22, Kiel, 
Germany, on its Fiadh road bike.

Cold Metal Fusion technology uses a titanium feedstock 
that is processed on polymer Laser Beam Powder Bed 
Fusion (PBF-LB) machines. Once the green part is built, it 
is debound and sintered to obtain a fully dense metal part.

The Fiadh is a sports road bike capable of high speed, 
with a light and responsive frame which the company 
attributes, in part, to the weight-optimised titanium 
components made with CMF technology. The frameset 
consists of additively manufactured connectors that are 
welded to polished tubes. These connectors accommo-
date all major bike components, such as the handlebars, 
saddle and bottom bracket. The chainstay and crank arms 
are also made entirely of components additively manufac-
tured with CMF technology.

The individual segments of each bike are very 
similar in structure and design, but no two are alike. 
Through a concept of connecting parts tailored to the 
rider, all components are different in their dimen-
sions, which has become economically feasible in high 
volumes with CMF technology. Sturdy Cycles aims to 
produce annual quantities of the Fiadh in the triple 
digits.

“Since Headmade Materials is very closely involved 
in part development, Tom [Sturdy] highlighted the 
advantages of our technology to us during a conversa-
tion,” stated Andreas Schertler, Applications Engineer, 
Headmade Materials.  

The advantages of the CMF technology are mainly 
reflected in the process stability and the resulting 
repeatability, which can lead to easier and more 
efficient frame and part production for Sturdy. The 
improved part surface greatly simplifies surface 
finishing, as CMF technology does not require support 
structures to be mechanically removed from the part.

For Sturdy, the reduced amount of preparatory work 
has meant a significant gain in efficiency, as compo-
nents can be integrated into the bike manufacturing 
process much more quickly. In addition, better compo-
nent quality means that most of the work can be done 
on site at Tom Sturdy’s production facility, reducing 
costs and coordination with service providers.

“The production of the components has now been 
completely taken over by titanium specialist Element22, 
and we are happy to contribute with our Cold Metal 
Fusion technology to ensure that these dreamlike 
road bikes from Sturdy Cycles find their way to many 
satisfied customers,” concluded Christian Fischer, 
Managing Director, Headmade Materials.

www.sturdycycles.co.uk
www.headmade-materials.com
www.element22.de  

Sturdy Cycle’s Fiadh road bike features titanium parts 
created using Cold Metal Fusion (Courtesy Headmade 
Materials)
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JSJW  TITANIUM
We Smart Focus on Creation and Manufacturing of Titanium Alloy

A METAL POWDER & 
SOLUTIONS PROVIDER

JSJW Inc. is an industrial enterprise producing 
spherical metal powders. Our goal is to work 
with customers to create high-tech manufac-
turing and industry solutions, and produce 
high-quality powder products (including titani-
um, nickel-base and superalloy powders) which 
easily meet the standards of additive manufac-
turing. 
 
With over ten years of experience in the field, 
we provide stable and reliable titanium alloy 
spherical powder products for aerospace, 
biomedical and industrial markets. We are 
continuously striving to increase production 
efficiency on a large scale and reduce production 
costs. Our customers rely on JSJW powder 
products because they trust our superior 
technology and management of equipment and 
processes.
 
JSJW’s unique IPCA technology makes our pow-
ders highly spherical at low porosity and with 
very few satellites. In the manufacturing process, 
high-purity argon is used to atomize the powder 
to ensure the product’s low oxygen and nitrogen 
content. 
 
We provide the 3D printing industry with 
high-quality SUPERFLOW powders of 
various particle sizes, with good sphericity and 
high fluidity. These meet the manufacturing 
requirements for a variety of equipment and 
products, including those produced using 
injection moulding. These are which are widely 
used in the automotive, consumer electronic and 
dental markets, among others.
 
A bespoke solution, JSJW’s MIMEXTRA 
Titanium/Titanium alloy Feedstock for MIM 
manufacturers, is customized to meet specific 
needs and precisely mixed to achieve the 
strength, hardness, tensile, and surface finish 
requirements of the final product. 

JSJW NEW MATERIAL CO., LTD.
NO.56, E. JICHUAN RD., TAIZHOU, P.R.CHINA

www.jsjinwu.com
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XJet Ltd, Rehovot, Israel, has 
announced that Azoth, Ann Arbor, 
Michigan, USA, has received delivery 
of XJet’s Carmel 1400M metal 
Additive Manufacturing machine. 
The 1400M is said to enable easy and 
safe production of high-density metal 
parts for wide-ranging applications 
and industries.

“We have a huge wealth of 
experience in metal manufacturing 
– with both additive and subtractive 
processes. XJet’s metal system 
delivers capabilities that are in high 
demand in the market, but are not 
achievable with other technologies,” 
stated Scott Burk, Azoth CEO. “Parts 
with fine features, high resolution, 
good surface finish right off the 
printer – at a level we have not seen 
before. The ease-of-use and safety 
working with the XJet system, that 
does not involve handling powders, is 

another important factor for us.”
Hanan Gothait, CEO of XJet, added, 

“We have developed the only metal 
AM technology available today based 
on the concept of direct material 
jetting. After an amazing success with 
the XJet ceramic systems, we are now 
ready for the bigger dream, bringing 
to the market our metal solution. It 
gives me great pleasure to know that 
our first user of the metal AM system 
is Azoth, with so much experience in 
metal manufacturing and in metal 
AM. Getting the recognition from 
such a market leader for the quality 
of parts we can make has made the 
entire journey, and the long wait for 
this system, worthwhile.”

Dror Danai, XJet CBO, commented 
“Azoth is all about pushing the 
boundaries of what’s possible in 
Additive Manufacturing, so they’re 
the perfect customer for our first 

metal AM system. Azoth is a unique 
operation that already has extensive 
experience in metal – both traditional 
and Additive Manufacturing – and is 
deeply involved in the manufacturing 
of the parts made for its customers, 
selecting the most appropriate 
technology and developing the 
applications. I’m eager to see how 
they will use the system and the 
new groundbreaking applications 
they already tested and are eager to 
further develop.”

www.xjet3d.com
www.azoth3d.com  

The Azoth team with its XJet’s Carmel 
1400M (Courtesy Azoth)

Azoth receives first XJet Carmel 1400M 
metal Additive Manufacturing machine
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• Metal or graphite hot zones
• Processes all binders and 

feedstocks 
• Sizes from 8.5 to 340 liters  

(0.3–12 cu ft.)
• Pressures from 10-6 torr to  

750 torr
• Vacuum, Ar, N2 and H2

• Max possible temperature 
3,500°C (6,332°F)

• Worldwide field service, 
rebuilds and parts for all 
makes

Centorr Vacuum Industries
55 Northeastern Blvd 

Nashua, NH 03062
USA 

Tel: +1 603 595 7233
Fax: +1 603 595 9220

Email: sales@centorr.com

www.centorr.com

MIM-VacTM 
Injectavac®

MIM debind and sinter 
vacuum furnaces
Over 6,500 production and laboratory furnaces manufactured since 1954

Linde, headquartered in Guildford, 
Surrey, UK, has announced a new, 
dedicated laboratory to advance the 
understanding of the parameters and 
behaviour of atmospheric gases used 
in the manufacture of metal powders. 
The new laboratory is due to become 
operational in mid-2022.

The focal point of Linde’s new 
laboratory will be a small-scale 
atomiser (1.6 m high) with specially 
adapted windows, lighting, high-
speed cameras and schlieren imaging 
(a visual process used to photograph 
the flow of fluids of varying density), 
allowing for surveillance and data 
capture of each change of gas 
parameter. It will not rely on the 
introduction of molten metal, but use 
data from the simulated process to 
provide evidence of gas behaviour 
under certain conditions. The different 
parameters to be assessed include 
gas type, volume of gas, pressure and 
temperature, with the small atomiser 
able to rapidly switch over to analyse 
hundreds of combinations within 
minutes.

The laboratory is anticipated to 
enable Linde to develop new tech-
nologies to improve the atomisation 
process – particularly with regard to 
increasing yield and process stability. 
Linde will also collaborate with 
powder manufacturers and OEMs to 
help them test specific gas behav-
iours on the test bench, allowing them 
to then scale up the results on the 
companies’ own large atomisers.

“As demand grows for new metal 
powders, more research into the 
parameters of the gases which 
are integral to their manufacture 
is needed to ensure their role is 
optimised,” stated Pierre Forêt, 
Associate Director Additive Manufac-
turing, Linde. “Linde’s new laboratory 
will be the only one of its kind and is 
testament to Linde’s status as the 
leading authority on gases for Additive 
Manufacturing.”

For the atomisation of metals to 
create powders for Additive Manufac-
turing, a key challenge is maintaining 

Linde to launch lab for advanced metal 
powders research

a large volume of gas (2,000 m3/hour) 
under high pressure (60 bar or higher) 
and temperature (up to 400°C), even 
for a short period of time. When adding 
in factors such as metal type and gas 
composition, the variable parameters 
are immense and to analyse them 
requires not only the most advanced 
equipment, but reliable gas supply and 
experience. A further key variable is 
the nozzle design which is responsible 

for injecting the specific gas, or gas 
mixture, at the required pressure and 
temperature. Linde will be able to offer 
powder manufacturers testing services 
to ensure optimal nozzle designs by 
additively manufacturing prototypes 
and testing them in the new lab.

While some academic institutions 
can undertake research into gas 
behaviour for the manufacturing of 
metal powders, Linde states that it is 
the only organisation with the capacity 
to draw on a readily available supply of 
gases.

www.linde-am.com  
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The Ecrimesa Group, Santander, 
Spain, has received delivery of two 
new Arburg Allrounder 370 A injection 
moulding machines as part of its Metal 
Injection Moulding production line 
expansion announced in July last year. 
As part of the expansion, the company 
will also receive a new Cremer MIM 
Master continuous debinding and 
sintering furnace in March.

Once installation is complete, 
Ecrimesa will have a total of thirteen 
injection moulding machines across 
four continuous lines and two vacuum 
sintering lines.

The Arburg machines were 
expected to be in production by the end 
of February and, when the MIM Master 
is operational, the MIM production line 
will increase the company’s production 
capacity by around 30%, enabling the 
processing of over 250 tons of feed-
stock per year.

Ecrimesa expands MIM production as 
demand increases

Based in the northern city of 
Santander, Ecrimesa is one of 
Europe’s leading MIM manufac-
turers, with more than twenty-five 
years’ experience in the technology. 
“Our MIM business has increased 
over 10% per year since 2010,” 
Alejandro Martinez, Managing 
Director Ecrimesa Group explained 
to PIM International. “Our strategy is 
focused on maintaining this growth 
over the next five years, not only in 
Europe but also in USA.”

Founded in 1964, Ecrimesa Group 
produces steel and aluminium with 
cutting-edge technologies: invest-
ment casting, MIM, machining and 
additive manufacturing.

Based in Northern Spain, the 
company today produces more than 
9,000 different parts for customers 
in the automotive, defence, aero-
space, textile and food industries 

around the globe. Being the first 
company worldwide to develop the 
process of fabrication in continuous 
furnace with catalytic debinding, 
Ecrimesa Group’s facilities include 
the latest machinery and qualified 
staff to develop projects in the most 
efficient technology.

www.ecrimesagroup.com
www.cremer-polyfour.de/en
www.arburg.com  

Ecrimesa has received two new 
injection moulding machines from 
Arburg which were scheduled to be 
operational by the end of February 
as part of the company’s new MIM 
production line (Ecrimesa Group)

The Art of Making Precision

Ti-6Al-4V MIM Production

ElementPlus provides MIM solution to customers from electronics, 
automotive and medical industries. A variety of materials, including 
stainless steels and iron-based alloys, composites for thermal 
management, soft-magnetic materials, ceramics, have been mass-
produced. Many other advanced materials can be customized to meet the 
customers’ special requirements. Recently, titanium and its alloys were 
added into the company’s material portfolio.

(+86) 185 7660 2907 | chris.gu@ep-pim.com | www.ep-pim.com

● Metal injection molding of CP-Ti, Ti-6Al-4V and other Ti alloys with excellent mechanical 
    properties

● MIMed Ti products with integral microstructures and high sintered densities over 99%, 
   suited for different surface treatments, such as polishing, sandblasting, surface-brushing, 
   PVD and T-treatment

● One stop solution, from Ti alloy powders to finished MIM products 

● Competitive Price!
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THE PERFECT HEAT TREATMENT     
SOLUTION FOR

THE PIM INDUSTRY

Wide range of standard and customized VACUUM FURNACES 
for INDUSTRY and  R&D LABORATORIES.

Our vacuum furnaces solutions:
- HIGH TEMPERATURE VACUUM SINTERING 
- DEBINDING & SINTERING 
- DEBINDING/PRE-SINTERING 
- HIGH PRESSURE SINTER-HIP 

Vacuum thermal  technologies:
MIM, CIM, HARD METAL

TAV VACUUM FURNACES SPA
Via dell’Industria, 11 - 24043 Caravaggio (BG) - ITALY
ph. +39 0363 355711 - info@tav-vacuumfurnaces.com
www.tav-vacuumfurnaces.com

Defence manufacturing conglom-
erate Taurus Armas, São Leopoldo, 
Brazil, has purchased a MIM-Master 
Neo XL from Cremer Thermoprozes-
sanlagen GmbH, Düren, Germany. 
The sale was facilitated via Trilux 
Chemical Supplier. Taurus Armas 
already has high volume Metal Injec-
tion Moulding production capability, 
with a focus on parts for firearms 
applications.

Taurus Armas purchases Cremer 
MIM-Master continuous furnace

Taurus Armas has purchased a MIM-
Master New XL in an effort to scale up 
its MIM production (Courtesy Cremer 
Thermoprozessalagen)

The MIM-Master Neo XL is a 
continuous walking beam sintering 
furnace, chosen by Taurus Armas 
to further enhance its large-scale 
production of complex MIM parts. The 
production capacity for this furnace is 
reported to be 120% greater than the 
previous iteration of the MIM-Master, 
while still reporting energy (40%) and 
cost (35%) savings.

www.cremer-polyfour.de  

Guide to PM 
Microstructures 
updated and 
expanded
The Metal Powder Industries Federa-
tion (MPIF)’s Powder Metallurgy 
Microstructures Database has been 
updated to include new materials 
(including 300 and 400 series stain-
less steel alloys) and to streamline the 
user experience. Designed to assist 
metal powder-based parts manufac-
turers and end-users in interpreting 
Powder Metallurgy microstructures, 
the database intends to build an 
appreciation for what a powerful 
tool Powder Metallurgy can be 
when engineering new components, 
designing new materials and solving 
quality problems.

Using the database, users are able 
to reference materials processed 
by conventional and elevated-
temperature sintering, accelerated 
cooling rates and other properties to 
determine the phases and structures 
of the materials. Specimen prepara-
tion and proper selection of etchants 
are also covered.

This resource was produced in 
collaboration with Hoeganaes Corpo-
ration, North American Höganäs 
Co., Rio Tinto Metal Powders, and 
Powder-Tech Associates Inc, all of 
which volunteered time and resources 
to prepare photomicrographs and 
ensure image quality.

www.mpif.org  
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APMI International has announced 
that the winner of the 2022 Fellow 
Award is Dean Howard, PMT, presi-
dent of North American Höganäs 
Co. Howard will receive elevation to 
Fellow status during the Opening 
General Session at PowderMet2022 
on Monday, June 13, in Portland, 
Oregon, USA.

Howard is a third-generation 
Powder Metallurgy professional 
who has worked in the PM industry 
for over thirty years. His career 
started with a sales position at 
Abbott Furnace Company in St. 
Mary’s, Pennsylvania, before tran-
sitioning into metal powder sales 
with Pyron Corporation in Niagara 
Falls, New York. After Pyron was 
acquired by Höganäs AB, Sweden, 
Howard was credited with helping to 
position North American Höganäs 

APMI International names Dean Howard 
2022 Fellow

in the North American market by 
promoting the PM industry through 
active engagement with MPIF and 
APMI.

As VP of Sales, he is said to 
have strongly encouraged his 
team to engage in MPIF and APMI 
activities, supporting his team 
to have active roles on the APMI 
Board of Directors, MPIF Industry 
Development Board, MPIF Technical 
Board, and present and exhibit at 
the annual PowderMet Conferences. 
Howard was appointed president of 
North American Höganäs/Höganäs 
Americas in 2017 and has continued 
to support and promote their 
activities for PM growth.

Established in 1998, the Fellow 
Award recognises APMI members 
for their significant contributions to 
the goals, purpose, and mission of 

the organisation. Fellows are elected 
through their professional, technical, 
and scientific achievements; 
continuing professional growth 
and development; mentoring/
outreach; and contributions to APMI 
International committees.

www.apmiinternational.org  

APMI International has announced 
Dean Howard will receive elevation to 
Fellow status (Courtesy MPIF)
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Z Blade Mixers 

 • Easy Clean
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Mixer Extruders 

 • Easy Clean
 • Vacuum
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 • 2 - 500 litres

Model shows a 75 litre Mixer Extruder with pelletiser

World leading  
mixer-extruders 

• Mixing, binding, 
extruding and 
pelletising for MIM and 
CIM applications

• Easy clean design - fully 
removable blades and 
extrusion screw

Model shown is a 75 litre Mixer Extruder with pelletiser

+44 (0)1256 305600 | info@mixer.co.uk | www.mixer.co.uk
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Desktop Metal, Boston, Massachu-
setts, USA, has added the X-Series 
line of Binder Jetting (BJT) machines 
for metal and ceramic powders. 
The model line is derived from the 
acquisition of the ExOne Company 
and is planned to be offered with 
Desktop Metal’s build preparation 
and sintering simulation software 
applications.

The company states the X-Series 
line offers a differentiated approach 
to Binder Jetting, enabled by patented 
Triple ACT compaction technology for 
dispensing, spreading and compacting 
powders during the BJT process. This 
open material platform architecture is 
said to be capable of binding together 
a wide range of powders with a D50 of 
3–100  µm.

Desktop Metal 
adds X-Series 
Binder Jetting 
machines

Desktop Metal has incorporated the X-Series line of Binder Jetting machines 
into its range (Courtesy Desktop Metal)

The line can also reportedly deliver 
tight dimensional tolerances and 
densities of 97–99% or greater — in 
line with or surpassing Metal Injection 
Moulding (MIM) or gravity castings - 
and surface roughness values as low 
as 4 µm (Ra) can be achieved directly 
out of the furnace. Desktop Metal now 
offers three X-Series models, which 
include the InnoventX™, X25Pro™ and 
the X160Pro™.

“Desktop Metal’s X-Series printers 
give customers more choices than 
ever when it comes to binder jet Addi-

tive Manufacturing” stated Ric Fulop, 
Desktop Metal co-founder and CEO. 
“Our team is moving aggressively 
to drive Additive Manufacturing into 
mass production through a focused 
strategy of production-capable 
printers, high-performance materials, 
and key applications. Binder Jetting 
is the key technology that enables all 
the benefits Additive Manufacturing 
has to offer at scale, from reduced 
waste to more efficient, lower-risk 
supply chains.”

www.desktopmetal.com  

SSiimmpplliiffyyiinngg  tthhee  ccoommpplleexx

PolyMIM® - Water soluble binder system

PolyPOM - Catalytic binder system

Three systems with excellent characteristics during production. 
Global presence and application support.

PolyMIM GmbH
Am Gefach
55566 Bad Sobernheim
Phone: +49 6751 857 69-0
Fax: +49 6751 85769-5300
Mail: info@polymim.com
www.polymim.com

Solving the impossible

PolyMIM GmbH a subsidiary of the Polymer-Group
www.polymer-gruppe.de
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Metal Injection Moulding of Ti6Al4V 
sphere joints for large space truss 
structures
There is increasing demand for large 
space truss structures (LSTS) for 
use on spacecraft such as satellites, 
which are required for communica-
tions, space observation, data relay, 
etc. Such large truss structures are 
made expandable by using hollow 
spheres as joints or nodes in the key 
and core parts of large truss grids. 
LSTS can also be used to transmit 
three-dimensional force flow to 
change the internal force distribution 
in the grid structure, thereby directly 
affecting the stability and reliability 
of the structure. 

The sphere joints used in LSTS, 
therefore, are required to have a 
combination of high specific strength 
at room and elevated temperatures, 
stiffness, good corrosion resistance, 
and preferably lightweight design. 
Currently, sphere joints are typi-
cally made by multi-step machining 
of steel, but this process is said 
to be associated with geometry 
design constraints, low productivity 
and high production costs. Light-
weight Ti alloys such as Ti6Al4V can 
also be used as sphere joints, but 
these alloys have poor machina-
bility, especially for the complex 
designs required, resulting in high 
processing costs. 

Researchers at the Institute for 
Advanced Materials and Technology, 
University of Science and Technology 

Beijing, in cooperation with Southern 
Marine Science and Engineering 
Guangdong Laboratory, Zhuhai, and 
the Guangzhou Institute of Advanced 
Materials, USTB, Guangzhou, China, 
have been investigating the use of the 
Metal Injection Moulding process as a 
cheaper alternative to machining for 
the production of complex-shaped, 
lightweight hollow sphere joints for 
use in LSTS of spacecraft and satel-
lites. The results of their work to date 
on the MIM of Ti6Al4V sphere joints 
have been published by Ce Zhang, et 
al in Powder Metallurgy, Vol. 64, No. 
5, 2021, pp. 404–411. The researchers 
focused on suitable binder systems 
for the MIM processing of gas 
atomised Ti6Al4V alloy powders, 
microstructures and mechanical 
properties of the sintered and hot 
isostatically pressed (HIPed) material. 

The authors reported that the 
hollow Ti-alloy sphere joints were 
produced as two MIM hemispheres 
(50 mm diameter and wall thick-
ness of 10 mm) shown in Fig. 1 
(a) and (b), which, after debinding, 
were joined together to produce the 
hollow spheres (Fig. 1 (c)) by diffusion 
bonding during sintering. Ti6Al4V 
alloy powders (D50 = 28.4 µm) were 
used as the starting powder and two 
binder systems were investigated 
for the MIM feedstock: (1) PW binder 
system (PW, low-density polyeth-

ylene/LDPE, polypropylene/PP, 
stearic acid/SA) and (2) POM binder 
system (POM, polyethylene vinyl 
acetates/EVA, low-density polyeth-
ylene/LDPE, stearic scid/SA). The 
alloy powder and binders were mixed 
at 165°C for PW and 185°C for POM 
with powder loading at 60–63 vol.% 
and 57–60 vol.% respectively. Table 1 
shows the impurity levels of oxygen, 
nitrogen and carbon in the starting 
Ti6Al4V powder and the changes 
of these levels after debinding and 
sintering.

Four parameters (powder loading, 
flow behaviour, viscous flow acti-
vation energy E and integrated 
rheological factors α) character-
ising the binder system were tested 
separately and the authors found 
that, whilst the PW binder system 
has higher powder loading, the POM 
binder system has better rheological 
properties, i.e., small strain and 
temperature sensitivity (n = 0.368, 
E = 17.95 kJ mol−1). The latter POM 
binder was therefore selected for 
Metal Injection Moulding of the 
two hemisphere parts making up 
the hollow sphere joints. Injec-
tion moulding was carried out at a 
temperature of 180°C, a pressure of 
50 MPa and with a mould tempera-
ture of 90°C. Following injection 
moulding, the green parts with POM 
binder were placed into a furnace 
under nitric acid vapour for catalytic 
debinding. The authors investigated 
the relationship between debinding 
time, temperature and binder 
removal rate. 

Fig. 1 Photographs of (a) the hemisphere structure, (b) as-sintered hemisphere samples, and (c) whole sphere joint 
(Courtesy ’A net-shape forming process of Ti6Al4V sphere joints,’ by C Zhang et al, Powder Metallurgy, Vol. 64, No. 5, 
2021, pp. 404–411)
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They reported that the first stage at 
78–260°C corresponds to the volatili-
sation of the low-melting-point binder 
component and that this stage is 
dominated by evaporation. The second 
stage at 260–330°C corresponds to 
the pyrolysis of low molecular weight 

Fig. 2 (a) Room temperature tensile strength and (b) relative density and hard-
ness of Ti6Al4V samples sintered at different temperatures and by post-sinter 
HIPing (Courtesy ’A net-shape forming process of Ti-6Al-4V sphere joints by C 
Zhang et al, Powder Metallurgy, Vol. 64, No. 5, 2021, pp. 404–411)

Impurity
Raw 

powder

As-debound samples As-sintered samples

POM PW POM PW

C 0.011 0.060 0.085 0.050 0.065

O 0.0912 0.26 0.36 0.28 0.62

N 0.018 0.066 0.11 0.046 0.10

Table 1 Impurity elements contents (wt.%) of starting Ti6Al4V powder, after 
debinding and after sintering (Courtesy ’A net-shape forming process of Ti6Al4V 
sphere joints,’ by C Zhang et al, Powder Metallurgy, Vol. 64, No. 5, 2021, pp. 
404–411)
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components in the binder, such 
as SA and EVA. The third stage at 
330–400°C sees the decomposition 
of the principal component (POM), 
leading to a rapid weight loss. The 
final stage beyond 400°C sees the 
decomposition of LDPE. 

In order to ensure the dimen-
sional accuracy of the moulded 
parts and the bonding strength of 
the interface between the two parts, 
a limit step is added on the bonding 
surface, as shown in Fig. 1(a) and (b), 
and a Cu20-Sn80 powder is added to 
the joining surface after debinding to 
facilitate diffusion bonding of the two 
parts during sintering.

The debound samples were 
sintered in vacuum at 1200–1350°C 
for 2 h. At around 900–1000°C, the 
Cu-Sn powder forms a liquid phase 
on the bonded joint surface filling the 
gap and promoting diffusion bonding. 
The CuSn continues to diffuse into 
the Ti alloy interface up to the peak 
sintering temperature, creating a 
welding zone having a thickness 
of about 150-200 µm. Bonding 
strength is around 620–710 MPa in 
the as-sintered state, increasing 
to 770–840 MPa after capsule-free 
HIPing at 1100°C for 2 h at 150 MPa. 
The results show that the maximum 
dimensional deviation of the sinter 
bonded parts, using ten randomly 
selected samples, was about 
0.08–0.1 mm. The lowest interstitials 
contents of as-sintered samples 
were found to be 0.05 wt.% for C, 
0.28 wt.% for O and 0.046 wt.% for N, 
which the authors state meets the 
specification for Grade 5 PM Ti6Al4V 
alloys according to ASTM B988-13.

The authors further reported 
that, whilst the relative density of 
the Ti6Al4V alloy increases from 
91.2 to 96.2% when the sintering 
temperature is increased from 1200 
to 1350°C, tensile strength and elon-
gation reach their maximum values 
of 923 MPa and 5.9% respectively 
when sintered at 1300°C (Fig. 2). The 
values of hardness increased from 
31.1 to 34.4 HRC at this temperature. 
The authors found that, for MIM 
Ti6Al4V alloys, strength is not signifi-
cantly influenced by residual porosity 
when the relative density is over 98%. 
However, post-sintering Hot Isostatic 
Pressing using a pressure of 150 
MPa for 2 h at 1100°C was found to 
increase density to > 99% density 
with tensile strength reaching 978 
MPa and a slight increase in elonga-
tion to 6.3%.  
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There are often limits to the size 
of parts that can be economi-
cally produced by Powder Injection 
Moulding (PIM). One way to overcome 
this limitation is to use compatible, 
lower-cost mould insert materials, 

Powder Injection Moulding of WC-9%Co 
feedstock onto high-speed steel inserts

onto which PIM feedstock can be 
injection moulded and subsequently 
sinter bonded, to achieve the desired 
shape and size. Harun Kocak of the 
Department of Aircraft Technology, 
TUSAS, Gazi Universty, Ankara, 

Turkey, has recently published a 
paper (International Journal of 
Refractory Metals and Hard Mate-
rials, Vol. 98, April 2021, 8 pp) in 
which he has reported on experi-
ments and mould filling simulations 
where machined M2 high-speed 
steel inserts placed in the mould 
are overmoulded with a commercial 
WC-9%Co PIM feedstock (Fig. 1). 
The WC-9%Co powder used in the 
PIM feedstock had a D50 particle size 
of 0.28 µm with a powder loading of 
70 vol.%. 

In the experimental and simula-
tion studies, the effect of different 
injection pressures and velocities on 
mould filling was investigated and 
optimum parameters were estab-
lished (Table 1). It was determined 
that the high-speed steel (HSS) 
inserts needed to be heated to 60°C 
prior to Powder Injection Moulding 
to avoid any problems in using 
the optimised conditions. It was 
found that the temperature at the 
top surface of the insert, which is 

Fig. 1 Dimensions of the HSS insert with the WC-9%Co outer powder injection 
moulded layer (Courtesy ‘Molding process of WC-9%Co with HSS insert 
in inserted powder injection molding’ by H Kocak, International Journal of 
Refractory Metals and Hard Materials, Vol. 98, April 2021, 8 pp)
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 Table 1 Optimum parameters for Powder Injection Moulding WC-9%Co 
onto HSS inserts (Courtesy ‘Molding process of WC-9%Co with HSS insert 
in inserted powder injection molding,’ by H Kocak, International Journal of 
Refractory Metals and Hard Materials, Vol. 98, April 2021, 8 pp)

Fig. 2 Images of WC-9Co/HSS parts produced under optimum conditions 
verified by computer simulation. (a) no sink mark and (b), (c), and (d) no gaps 
or voids. (d) also shows the radius formed at corner of insert tip to avoid 
turbulence in injection moulding (Courtesy ‘Molding process of WC-9%Co with 
HSS insert in inserted powder injection molding’ by H Kocak, International 
Journal of Refractory Metals and Hard Materials, Vol. 98, April 2021, 8 pp)
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Holding 
pressure 
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Inj. velocity 
(ccm/sn)

Mould 
temperature 

(°C)

200 300 80 10 50

closest to the mould gate, increased 
to 71.3°C during moulding at a pres-
sure of 200 bar and to 82.8°C at 300 
bar. The minimum injection pressure 
needed for complete mould filling 
was 270 bar and the optimum pres-
sure was found to be 300 bar. 

The author reported that a 
number of defects occurred during 
the injection moulding of the PIM 
feedstock onto the HSS inserts, 
depending on moulding pressures 
and velocities. Defects included 
incomplete filling, porosity/voids, 
sink marks, and gaps between insert 
and injected part. It was found that 
the rapid cooling of the WC-9%Co 
feedstock, when it contacts the insert 
and mould surfaces during injection 
moulding, was the main cause of 
most defects in the developed over-
moulding process. For example, the 
rapid cooling of the PIM feedstock, 
which is attributed to the high heat 
transfer coefficient of the WC-9%Co 
powder, leads to a solidified zone at 
the surface of the insert and gaps 
are created by additional feedstock 
splashing over this solidified zone. 

Heating the HSS inserts prior to 
injection moulding helped to elimi-
nate these gaps as well as sink 
marks. In addition, it was found 
that forming a radius at corners of 
insert tips reduced turbulences in 
the feedstock flow over the insert 
during overmoulding, as can be 
seen in Fig. 2 (d). 

The author stated that the gap 
created between the insert and 
the overmoulded PIM WC-9%Co 
part was found to be one of the 
most important defects observed 
in this study. If this defect is not 
eliminated, the gap can prevent the 
atomic diffusion and bonding of the 
WC-9%Co to the HSS insert during 
sintering. 

Overmoulded WC-9%Co/HSS 
parts, obtained using the optimised 
Powder Injection Moulding condi-
tions outlined in Table 1, are shown 
in Fig. 2. It can be seen that there 
are no sink marks (Fig. 2 (a)) and 
no voids and gaps (Fig. 2 (b, c, d)) 
between the machined HSS insert 
and the PIM WC-9%Co injected 
part.  
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Table 1 Compositions of the CIM feedstocks used to produce resistant heating elements (Courtesy ‘MoSi2/Al2O3/
Feldspar Composites for Injection-Molded Ceramic Heating Elements,’ by R Wick et al, Advanced Engineering Materials, 
Vol. 23, 2021, 9 pp)

Molybdenum disilicide (MoSi2) is 
frequently used in resistant heating 
elements due to its conductivity and 
excellent stability at temperatures 
up to 1800°C. MoSi2 is also used in 
protective shields for spaceflight 
and for thermal barrier coatings. 
However, despite its stability at high 
temperature, MoSi2 is also known 
to undergo pest oxidation at lower 
temperatures of 400 to 500°C, leading 
to degradation of the material into 
MoO2 and SiO2. One way to protect 
MoSi2 from pest oxidation is to embed 
the MoSi2 powder in a glassy matrix. 

A team of researchers at ZHAW 
Zürcher Hochschule für Angewandte 
Wissenschaften, Winterthur, Swit-
zerland, used a mixture of MoSi2, 
feldspar and Al2O3 powders, plus suit-
able binders, which can be ceramic 
injection moulded to produce heating 
elements, and published the results 

MoSi2/Al2O3/Feldspar composites for 
injection-moulded ceramic heating 
elements

of their work in a paper by R Wick-
Joliat et al, in Advanced Engineering 
Materials, Vol. 23, 2021, 9 pp.  

The authors stated that Al2O3 
particles (d50 = 4.0-7.5 µm) were 
added to MoSi2 (d50 = 5.5-7.5 µm) to 
improve mechanical strength and 
allow the tuning of the resistivity by 
adjusting the MoSi2/ Al2O3 ratio in 
the composite. Feldspar was added 
to the mixture as the glass-forming 
agent. They utilised four different 
binder systems for Ceramic Injection 
Moulding (CIM) feedstock, including 
commercially available Embemould 
K83, as well as three in-house devel-
oped binder systems consisting of 
a backbone polymer (high-density 
polyethylene [HDPE] or low-density 
polyethylene [LDPE]), an auxiliary 
binder (paraffin or polyethylene glycol 
[PEG]), a dispersion medium (stearic 
acid), and a plasticiser (dibutyl 

phthalate [DBP]). Table 1 shows the 
compositions of the four CIM feed-
stocks used in this research, together 
with the process temperatures used 
for feedstock preparation and injec-
tion moulding and solids loading.

All four feedstocks were found to 
be suitable for injection moulding 
with the main differences being in 
their solvent pre-debinding step as 
well as the temperatures needed for 
the secondary thermal debinding 
step. Green parts moulded from 
Embemould K83 feedstock were 
pre-debound in water at room 
temperature for 24 h and subse-
quently dried at 40°C for another 24 h. 
Green parts moulded with HDPE/
paraffin and LDPE/paraffin binders 
were pre-debound in petroleum ether 
for 24 h at 50°C and then dried at 
40°C for at least 6 h.

The authors stated that secondary 
thermal debinding has to be care-
fully tuned to avoid pest oxidation 
of the MoSi2, mainly by keeping the 
debinding temperature below 400°C. 
Suitable thermal debinding condi-

Feedstock
Binder composition

[wt.%]
Solid
load

Solid composition
[vol.%]

Process
temperature [°C]a)

Embemould

Embemould 100 85 wt.% 17 MoSi2 130, 140

K83 68 vol.% 27 Al2O3

56 Feldspar

HDPE/Paraffin

HDPE 45 88 wt.% 17 MoSi2 170, 190

Paraffin 46 66 vol.% 27 Al2O3

Stearic acid 4 56 Feldspar

DBP 5

LDPE/Paraffin

LDPE 45 88 wt.% 17 MoSi2 130, 140

Paraffin 46 65 vol.% 27 Al2O3

Stearic acid 4 56 Feldspar

DBP 5

EVA/PEG

EVA 45 84 wt.% 17 MoSi2 120, 130

PEG 46 61 vol.% 27 Al2O3

Stearic acid 4 56 Feldspar

DBP 5

a)First temperature used for feedstock processing, second temperature used for injection moulding
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tions were found using TGA. They 
established that, by reducing the 
heating rate to fully remove the binder 
to 1 K min-1, the samples were fully 
debound at temperatures 30-40°C 
lower than for 5 K min-1 heating rates 
– an important consideration because 
MoSi2 is prone to pest oxidation at > 
400°C. It was also established that 
the thermal debinding temperature 
required for complete debinding is 
typically 40ºC lower for pre-debound 
parts as compared to parts without 
pre-debinding. For example, HDPE/
paraffin samples without pre-
debinding require 420°C for full 

thermal debinding, whereas only 
380°C is necessary to thermally 
debind the same feedstock after pre-
debinding in water. In a typical result 
from debinding/sintering experi-
ments, the green CIM parts were 
heated at 1 K min-1 to the tempera-
ture that was determined by TGA to 
be sufficient for complete debinding 
and that temperature was kept for 
1 h before switching to an argon 
atmosphere and still holding the 
temperature for another hour. The 
furnace was then heated to 1250°C 
at 5 K min-1 under argon atmosphere 
for sintering and glass formation and 

Feedstock
MoSi2 

content 
[vol.%]

Thermal 
debinding 
temp [°C]

Conductivity 
[S/m]

Standard 
deviation 

[S/m]

Density 
[g/cm3]

Standard 
deviation 
[g/cm3]

Relative 
density 

[%]

Embemould 17 400 0 3.159 0.010 88.5

HDPE/paraffin 17 380 744 101 3.191 0.008 89.4

LDPE/paraffin 17 360 1662 186 3.238 0.016 90.7

EVA/PEG 17 360 1985 287 3.238 0.004 90.7

Table 2 Conductivity and density of different feedstocks for resistant heating elements (Courtesy ‘MoSi2/Al2O3/Feldspar 
Composites for Injection-Molded Ceramic Heating Elements,’ by R Wick et al, Advanced Engineering Materials, Vol. 23, 
2021, 9 pp) 

Fig. 1 (A) Photos of green bodies in various geometries injection moulded from 
Embemould K83 feedstock into water-soluble PVA moulds, and (B–E) the 
sintered parts during glow tests (Courtesy ‘MoSi2/Al2O3/Feldspar Composites 
for Injection-Molded Ceramic Heating Elements,’ by R Wick et al, Advanced 
Engineering Materials, Vol. 23, 2021, 9 pp) 

held at 1250°C for 2 h before cooling 
down at 5 K min-1.

Small changes in debinding 
temperature were found to lead to a 
significant difference in the conduc-
tivity of the sintered parts due to 
the partial oxidation of MoSi2, which 
becomes more prominent as temper-
atures approach 400°C. The authors 
stated that for a fixed MoSi2 content of 
17 vol.%, EVA/PEG and LDPE/paraffin 
feedstocks gave the most conduc-
tive samples because they can be 
fully debound at temperatures as low 
as 340°C. However, even with higher 
initial MoSi2 contents, the other feed-
stocks also resulted in conductive 
samples.  

The glow tests conducted on 
simple bone-shaped and rectangular 
rod samples showed the applica-
bility of ceramic injection moulding 
for heating element production using 
the MoSi2/Al2O3/feldspar composite. 
Multiphysics modelling allowed the 
authors to extract important material 
parameters such as the temperature-
dependent thermal and electrical 
conductivity as well as heat capacity 
from IR camera images at different 
power inputs in glowing heating 
elements. Fig. 1 (B-E) shows the 
sintered CIM parts during glow tests. 

The research team in Winterthur 
has also developed a CIM process for 
more complex shapes such as spirals, 
M-shaped loop and a helix (as shown 
in Fig. 1(A)) using sacrificial, water-
soluble additively manufactured PVA 
moulds. The process was found to 
work well with Embemould K83 feed-
stocks, but the MoSi2 content needed 
to be increased to 18 vol.% in order 
to make the CIM parts more conduc-
tive.  
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Soft magnetic composites (SMCs) 
consist of metallic magnetic parti-
cles which are isolated from each 
other by an electrically insulating 
layer. These are ideal materials 
for fabrication of inductors, which 
have a wide range of applications 
in electronic devices (e.g., mobile 
phones, computers, televisions, 
game consoles, for acquiring and 
sorting out signals, stabilising 
voltage, eliminating disturbance from 
magnetic fields, etc). The insulation 
layers are an important feature of 
SMC materials because they lower 
the eddy currents, thereby reducing 
frequency-dependent losses.

With the growing demand for 
miniaturised electronic circuits, 
conventional inductors are being 
replaced with integrated inductors. 
Conventional inductors require a 
lot of excess space between the coil 
wires as well as between the coil and 
the core, whereas in the integrated 
conductors, the coils are embedded 
into soft magnetic composites 

High-performance soft magnetic 
composites produced by Powder 
Injection Moulding

and free from vibration in service, 
imparting consistent magnetic prop-
erties. However, integrated inductors 
require magnetic materials with high 
saturation induction, which helps 
to reduce the number of coils, thus 
allowing the miniaturisation of the 
electronic devices.

One of the effective and low-cost 
fabrication routes for integrated 
inductors is to compact wrapped 
coils into soft magnetic composite 
powders in which the powder parti-
cles have been isolation coated in 
advance. Compacting pressures 
often exceeding 300 MPa are used 
to consolidate the powder and to 
give sufficient densities (strength) 
to the SMC compacts. High pres-
sures can, however, damage the 
insulation coating on the particles 
and produce an internal stress in the 
as-consolidated SMC powder, leading 
to deteriorating magnetic properties 
and increasing core loss. 

An alternative route to producing 
integrated inductors is Powder Injec-

tion Moulding. A team of researchers 
at Harbin Institute of Technology, 
Harbin, Southern University of 
Science and Technology, Shen-
zhen, Ningbo Institute of Materials 
Technology & Engineering, Ningbo, 
Zhejiang, and Tsinghua University, 
Beijing, China, has been studying 
the PIM of soft magnetic composites 
with hybrid magnetic phases using 
an amorphous gas/water atomised 
Fe73Si11B11C3Cr2 powder (D50 = 18.1 
µm) and a gas atomised Fe50Co50 
crystalline powder (D50 = 6.60 µm). 
The results of their research have 
been published in a paper by R Ma, 
L Chang, Y Dong et al, Powder Tech-
nology, November 23, 2021, 10pp. 

The research focused on the influ-
ence of the binder mass fraction in 
the SMC feedstock used for injection 
moulding and on the effect of partial 
substitution of the Fe73Si11B11C3Cr2 
powder with Fe50Co50 powder on 
magnetic properties. Fe50Co50 is 
said to have the highest saturation 
magnetic induction of all known 
metallic soft magnetic materials. The 
authors reported that the conduc-
tive iron-based powder particles are 
isolated from each other by the poly-
meric binder material used for the 
PIM feedstock thereby eliminating the 
need for separate isolation coating 
of the powder itself. The pressure 
used in PIM is also much lower than 
powder compaction, allowing better 
control of the fabrication process. 
Based on results from the authors’ 
previous research on the suitability of 
different binders for producing PIM 
SMCs, 95 wt.% polyamide 66 (PA66) 
was identified to be a good backbone 
binder due to its hydrogen bonds, 
which give the injection moulded 
material high strength after solidi-
fication of the binder. Stearic acid 
(5 wt.%) was chosen as the surfactant 
to decrease surface energy of metal 
powders and improve the rheological 
properties of the PIM feedstock for 
injection moulding.

Two groups of PIM feedstocks 
were produced. Feedstocks of the 
first group contained only amor-
phous Fe73Si11B11C3Cr2 powder and 
the powder loading was varied from 
90-94 wt.% in order to determine 

Fig. 1 Left; An SMC composite sample fabricated by Powder Injection Moulding, 
right; another sample coiled with wires for magnetic property tests (Courtesy 
‘Magnetic properties of soft magnetic composites fabricated by injection 
molding of bimodal amorphous Fe73Si11B11C3Cr2 F and crystalline Fe50Co50 
powders’ by R. Ma, L. Chang, Y. Dong et al, Powder Technology, published 
online November 23, 2021, 10 pp)

20 mm
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the optimal powder loading used in 
the experiments. Feedstocks of the 
second bimodal group contained 
Fe73Si11B11C3Cr2 amorphous powder to 
which was added the Fe50Co50 powder 
in different weight fractions (20, 40, 
50, 60 and 80 wt.%, respectively). The 
monomodal and bimodal powder 
feedstocks were injection moulded 
at 250°C under a pressure approxi-
mately 800 bar, to produce toroidal 
samples (inner diameter: 20 mm, 
outer diameter: 28 mm, thickness: 
4 mm) used in magnetic properties 
testing (Fig. 1).

The experimental results showed 
that the soft magnetic composites 
with hybrid magnetic phases (amor-
phous Fe73Si11B11C3Cr2 and crystalline 
Fe50Co50) produced in this research 
are good candidate materials for 
integrated inductor fabrication by 
powder injection moulding. The 
bimodal composite with 50% Fe50Co50 

powder was found to have the best 
comprehensive magnetic proper-
ties. Its core loss is only 210.4 kW/
m3, the lowest among all hybrid SMC 
composites and much lower than 
the composites made of monomodal 
Fe73Si11B11C3Cr2 powder. Moreover, 
the saturation induction of composite 
with 50% Fe50Co50 powder is 168.1 
emu/g, leading to improved bias 
performance compared to the SMC 
composites made from monomodal 
Fe73Si11B11C3Cr2 powder. Although the 
effective permeability is inevitably 
compromised with the addition of low-
permeability Fe50Co50, it is still higher 
than 20 for composites with 50% 
Fe50Co50 powder and thus adequate for 
inductor fabrication.

The research also established 
that the variation of core loss with 
increasing fraction of fine Fe50Co50 

powder is more influenced by the 
particle size distribution patterns. 

Fig. 2 (a) Variation of effective permeability as functions of frequency, (b) hysteresis loops and (c) variations of percent 
of incremental permeability as functions of DC bias field for composites with different fraction of Fe50Co50 powders 
(Courtesy ‘Magnetic properties of soft magnetic composites fabricated by injection molding of bimodal amorphous 
Fe73Si11B11C3Cr2 F and crystalline Fe50Co50 powders,’ by R Ma, L Chang, Y Dong et al, Powder Technology, published online 
November 23, 2021, 10 pp)

Utilisation of bimodal powders was 
found to result in loosely packed 
structures where fine Fe50Co50 

powders can be dispersed into 
the interstices of slightly coarser 
Fe73Si11B11C3Cr2 powders. This 
can lead to better isolation of the 
magnetic powders and reduced eddy 
current loss. It also improves the 
flowability and effectively reduces the 
viscosity of the PIM feedstock. This 
allows the feedstock to be injected 
into the mould under a relatively low 
pressure and produces samples with 
low residual stresses, which in turn 
reduces the coercivity and hysteresis 
loss of the SMC composites. As a 
result, the SMC composite containing 
50 wt.% Fe50Co50 powder exhibits the 
lowest core loss, i.e., 210.4 kW/m3 
(30 mT, 100 kHz). Powder Injection 
Moulding also allows the production 
of complex 3D structures ideal for 
integrated inductors.  
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From the 19th century onwards, 
there has been a constant evolution 
of multiple industrial metalworking  
processes. Among these are ‘press 
and sinter’ Powder Metallurgy (PM) 
and Metal Injection Moulding. In the 
early days of metal powder-based 
manufacturing, PM gained rapid 
industrial adoption thanks to its net-
shape capabilities, lower costs and 
high scalability, but it also suffered 
from lower final densities and 
material strength, as well as being 
unable to support an ever-increasing 
appetite for component designs with 
higher geometrical complexity. 

MIM appeared in the horizon as a 
potential solution to the drawbacks 
of the PM process in the early 1990s. 
The process quickly gained global 
industrial adoption – albeit in a 
small number of markets – thanks 
to its ability to support complex 
three-dimensional shapes and 
higher densities. MIM is also a highly 
scalable process and amenable 
for automation, driving the process 
costs down. Today, both PM and MIM 
have been adopted by and carved 
their respective niches in the global 
components industry. 

However, both are conventional 
tool-based processes. Launching 
a part manufacturing programme 
requires elaborate preparation in 
terms of tool development that often 
costs weeks – sometimes months 
– of lead time. Any subsequent 
changes to the product design mean 
a painful wait for corrections. 

After PM and MIM had estab-
lished themselves, Laser Beam 
Powder Bed Fusion (PBF-LB) metal 
Additive Manufacturing came along 
to help. Where feasible, component 
designers could now consider using 
metal AM solutions to validate their 
product designs. This provided some 
relief for the product engineers, 

There can be few Metal Injection Moulding companies which are not keeping 
one eye on metal Binder Jetting (BJT). This rapidly progressing Additive 
Manufacturing process offers the promise of tool-free, high-volume production 
that can leverage much of an existing MIM producer's expertise and equipment. 
Indo-MIM Inc., one of the world's largest MIM producers, with operations in 
India and the US, started its exploration of Binder Jetting in 2019. Here, the 
company's Jag Holla shares his insight into what the company has learnt so far, 
and where he sees the dividing line between MIM and BJT.   

Indo-MIM: Exploring the dividing 
line between Metal Injection 
Moulding and Binder Jetting 

The dividing line between MIM and BJT

Fig. 1 A milling cutter, produced by BJT from M2 tool steel, 380 g (Courtesy 
Indo-MIM)
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but issues were still present; until 
metal Binder Jetting (BJT) appeared 
on the horizon, metal Additive 
Manufacturing was regarded by 
many as slow and expensive, even 
for prototype sample develop-
ment. Binder Jetting isolated the 
slow sintering process at the build 
stage, thus enabling significantly 
higher build speed. Binder Jetting 
can achieve thirty-to-seventy times 
higher build speeds compared to 
PBF-LB.

Indo-MIM, a global leader in the 
Metal Injection Moulding technology, 
quickly turned its attention to 
adopting Binder Jetting, beginning 
in 2019. Currently, the company 
works predominantly with Desktop 
Metal and ExOne platforms. The 
Binder Jetting process utilises 
MIM grade powders, MIM sintering 
furnaces and parts will go through 
similar finishing processes to 
conventional MIM components. 

So, will Binder Jetting eventually 
replace the MIM process, or will it 
continue to exist side by side with 
MIM and PM? It is hard to come 
to a conclusion at the moment, as 
Binder Jetting is still at its formative 
stage. But we predict Binder Jetting 
will only augment the MIM industry 
for a foreseeable number of years 
and help product design engineers 
achieve greater degrees of design 
freedom. This article discusses 
the dividing line between the MIM 
and BJT processes, based on Indo-
MIM’s experience with both. 

Size matters 

The Metal Injection Moulding 
process has always been competi-
tive on smaller components 
– typically, below 50 g, or smaller 
than a golf ball – for reasons both 
technical and economic. MIM 
powders are more expensive than 
conventional materials, including 
PM powders, wrought steels, etc. 
Sintering costs are also a significant 
component of MIM total part costs. 
Larger parts occupy more space in 
the sintering furnaces, thus carrying 
much higher sintering costs. These 

“The Metal Injection Moulding 
process has always been 

competitive on smaller components 
– typically, below 50 g, or smaller 
than a golf ball – for reasons both 

technical and economic.”

Fig. 2 A friction plate produced by BJT from 17-4PH stainless steel, 158 g 
(Courtesy Indo-MIM)
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factors automatically shrink the 
economic viability of the process for 
larger components. 

As the component sizes get 
bigger, moulding and sintering chal-
lenges also grow in the MIM process. 
Bigger components have longer 
moulding cycles and cannot accom-
modate a larger number of cavities. 
Hence, moulding productivity for 
bigger components is significantly 
lower than for smaller components. 

Bigger components tend to have 
larger wall thickness. The MIM 
process can deal with wall thickness 
up to 5 mm comfortably, but, beyond 
this, the process struggles with sink 
and void related issues. Tooling 
costs for large, complex compo-
nents also rise dramatically. Finally, 
with MIM, the overall process yield 
always drops for larger components 
compared to smaller components. 

The Binder Jetting process experi-
ences similar economic equations, as 
the cost of powder and the sintering 
costs are identical to that of MIM. 

In some cases, powders for Binder 
Jetting could be marginally higher 
because of powder conditioning 
required as suggested by some of the 
machine manufacturers. 

But Binder Jetting scores high 
on tackling larger components. 
Components as large of 150 g can 
be comfortably built and sintered. 
As Binder Jetting eliminates the 
moulding process, wall thickness as 
high as 10–15 mm can be built and 
sintered without sink or void related 

issues. The BJT process also utilises 
a significantly smaller percentage of 
binder during a part’s build, meaning 
the debinding process prior to 
sintering is eliminated. 

Once the build boxes for Binder 
Jetting machines reach an optimum 
size, and the bi-directional binder 
deposition becomes a reality, BJT’s 
productivity will match, or even 
exceed, conventional moulding. 
However, the issue that needs to 
be tackled is the higher cost (by 

“Bigger components tend to have larger 
wall thickness. The MIM process can 
deal with wall thickness up to 5 mm 

comfortably, but, beyond this, the process 
struggles with sink and void related 

issues. Tooling costs for large, complex 
components also rise dramatically.”

Fig. 3 A selection of sample metal BJT components produced by Indo-MIM (Courtesy Indo-MIM)
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up to three times) of Binder Jetting 
machines compared to conventional 
MIM-grade injection moulding 
machines. Indo-MIM believes that, on 
a long-term basis, the machine costs 
will be comparable to the moulding 
equipment costs. 

It is also possible that build speed 
and build box sizes will significantly 
scale up to the required level for 
the Binder Jetting to compete with 
conventional metal processing 
technologies. 

Material options 

Given that the MIM process has 
been used industrially for over three 
decades, the material options avail-
able are huge. The material options 
commercially available for Binder 
Jetting are currently comparatively 
limited. Indo-MIM offers 316L and 
17-4-PH stainless steels, M2 tool 
steel M2 and 4140 low-alloy steel 
grades for BJT. The available material 

options will, of course, expand in 
the coming years, as both machine 
manufacturers such as Desktop 
Metal and early adopters such as 
Indo-MIM are aggressively working 
on developing additional materials. 

The Binder Jetting materials 
currently available meet or exceed 
the corresponding MPIF Standard 
35 ‘Materials Standards for PM 
Structural Parts’ for material 
properties. So, once developed, 
Binder Jetting material options 
available can be easily tested 
against this standard. Just like 
MIM, BJT components can also be 
hot isostatically pressed (HIPed) 
for enhanced density and material 
properties. 

Sintered BJT samples are, from 
a materials perspective, identical 
to sintered MIM samples, meaning 
parts can be subjected to post-
processing procedures that are 
common in the MIM industry, such 
as restriking/coining, heat treatment, 
machining, welding, plating, etc. 

Depowdering 

Separating the built components 
from the rest of the powder in the 
build box after AM is completed is 
the process called de-powdering. 
However, the process is not as simple 
as its name sounds. The process 
currently is predominantly manual 
and time consuming. This will impact 
the overall cost, especially in the 
high labour cost regions. We believe 
that this stage of the process can be 
eventually automated to the extent 
that the manual labour content is 
almost negligible. We are already 
seeing several third-party vendors 
developing automated depowdering 
equipment. 

Sintering: Binder Jetting 
compared to MIM 

Although BJT and MIM process 
routes mostly use powders with the 
same characteristics, there are some 
differences at the sintering stage. 
In some instances, BJT machine 
manufacturers 'condition' the powder 
by adding coarser powder to the 
fraction to improve flowability during 
spreading. Coarser powder also helps 
easier de-powdering. Although this 
enhances the ease of the part build 
stage significantly, shape retention 
during sintering suffers. Coarser 
particles on the surface of the green, 
as-built part increase the friction 
between the part surface and the 
supporting ceramic plate during 
sintering, resulting in more frictional 
force. The higher the frictional force, 
the greater the distortion of the 
component during sintering. Coarser 
powder particles also, of course, 
negatively influence the surface finish 
on sintered parts. 

Because the Binder Jetting 
process uses significantly less binder 
during the creation of the green parts, 
special attention may be required 
to support the green part while 
sintering. As the MIM process uses 
powder with particle size less than 
25 µm, and greater volumes of binder, 
the above issues are significantly less 
relevant. 

Fig. 4  Indo-MIM operated a Desktop Metal Shop System for over twelve 
months. It is due to be replaced with a Desktop Metal P1 BJT machine for 
enhanced process development (Courtesy Desktop Metal)
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“Switching to a build powder with a finer 
particle size can help improve surface 

finish significantly; but, as stated, 
lower particle size reduces flowability, 

affecting part quality and machine 
productivity. ”

The current dimensional capability 
(post sintering) for BJT is within ± 2%, 
which is significantly worse than the 
well-established MIM process, where 
it is ± 0.5%. Binder Jetting needs to 
get to within ± 1% in the near term 
to be accepted as a viable produc-
tion process. Efforts by the machine 
manufacturers and the early adopters 
suggest that this is possible within 
the next 12 to 24 months. 

Surface finish  

Surface finish on metal AM parts 
has been a concern compared to 
the surface finish of parts made 
by tool-based metal processing 
techniques, and Binder Jetting is no 
exception. Post sintering, surface 
finish on a BJT part is 4~6 Ra. This is 
significantly poorer than a MIM part’s 
sintered surface finish of 1.5 Ra max. 
As-sintered MIM surface finishes 
can be quickly improved to 0.80 Ra 
through a simple glass bead blasting 
process, but reaching a 1 Ra surface 
finish on a sintered BJT component 
takes significant effort and requires 
multiple surface finishing processes. 

Switching to a build powder with 
a finer particle size can help improve 
surface finish significantly; but, as 
stated, lower particle size reduces 
flowability, affecting part quality 
and machine productivity. Some AM 
machine manufactures have adopted 
a nano particle jetting process where 
powder particles of less than 1 µm 
are used. While this process achieves 
MIM like surface finish or better, the 
process itself is highly cost prohibitive 
given the input powder cost. 

Binder Jetting machine manu-
facturers are acutely aware of the 
technology’s surface finish issue 
and are working on solutions for the 
future. In the end, Indo-MIM believes 
that the user community and BJT 
machine manufacturers will arrive 
at a compromised economical solu-
tion the industry can live with. One 
such compromise could be that not 
every surface on a component needs 
to have a surface finish less than 
2 Ra, allowing the freedom to explore 
hybrid options.

Fig. 5 A 17-4PH stainless steel manifold block produced by BJT  
(Courtesy Indo-MIM)

Fig. 6 A 316L stainless steel connector produced by BJT (Courtesy Indo-MIM) 
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Design freedom coupled 
with speed of manufacture

This is where the advantages of 
Binder Jetting solutions far exceed all 
of the conventional metal processing 
routes, including MIM and PBF-LB. 
With BJT, virtually any geometry 
imaginable by the component 
designer can be accommodated. This 
significantly enhances the ability of 
the design engineers to arrive at the 

most optimised design without the 
shackles of current manufacturing 
process limitations, enabling opti-
mised sub-assemblies and improved 
end products. 

However, in the engineering world, 
nothing is infinite. Binder Jetting 
does, of course, have some design 
limitations in the form of wall thick-
ness. Indo-MIM has found that wall 
thicknesses of less than 0.80 mm are 
difficult to build and sinter, especially 

if the feature is long. The same is 
true with any feature smaller than 
0.50 mm, below which size the reso-
lution suffers. On the other hand, the 
MIM process can deal with feature 
sizes as small as 0.20 mm, including 
wall thickness as small as 0.10 mm.

Say goodbye to the long 
wait before testing your 
design 

Can we finally break away from the 
confinement of a long wait to manu-
facture and optimise our tooling? 
Binder Jetting does not depend 
on tooling to produce a part. As a 
result, Indo-MIM can deliver first 
samples of designs in less than ten 
days; eventually, this lead time will 
be within two days, as we enhance 
our infrastructure with more BJT 
machines and dedicated furnaces. 
Any design change is just a couple 
of clicks away. This means that the 
cost of optimising product designs is 
significantly reduced through BJT. 

“Binder Jetting does, of course, have 
some design limitations in the form of 

wall thickness. Indo-MIM has found 
that wall thicknesses of less than 

0.80 mm are difficult to build and sinter, 
especially if the feature is long.”

Fig. 7 A brake disc produced by BJT (Courtesy Indo-MIM)
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For those with experience of MIM 
sintering, pains related to optimising 
ceramic setters are very real. Binder 
Jetting allows you to build ‘live’ 
setters, thus reducing the lead time 
for optimised staging for sintering, 
and significantly reducing sintering 
distortion. Live setters may not be 
an economically viable solution in 
production for most components, 
but for prototypes or first samples, 
this route presents a huge advan-
tage over the MIM process. 

The dividing line between 
MIM and BJT 

The dividing line between these two 
closely related processes will shift 
in the near to mid-term as the BJT 
matures and is adopted on an indus-
trial scale. Current dividing lines are 
highlighted below: 

For parts that just can’t be moulded
For part geometries beyond the 
capability of MIM tooling, Binder 
Jetting is the only available option. 
In this area, the technology has no 
competition. However, the number 
of such programmes is extremely 
low at the moment. Unless the engi-
neering community adopts a more 
AM-focused mindset, free from 
constraints of current tool-based 
metal forming routes, such exam-
ples will continue to be low. 

This is where customer educa-
tion on the potentials of unlocking 
BJT’s design freedom plays a huge 
role in advancing the process. To a 
degree, the Additive Manufacturing 
community has been promoting this 
mindset for PBF-LB for some time. 
But penetration into the high-volume 
production arena is very limited as 
available metal AM processes before 
the arrival of Binder Jetting failed to 
excite the engineering community 
due to their lack of speed. 

For large parts that can be 
moulded
Where part geometry is mouldable, 
part size larger than 50 g seems to 
favour Binder Jetting in the mid- to 
long-term. However, limitations on 

“For part geometries beyond the 
capability of MIM tooling, Binder Jetting is 
the only available option. In this area, the 
technology has no competition. However, 

the number of such programmes is 
extremely low at the moment.”

Fig. 8 BJT chain link produced from 17-4PH stainless steel (Courtesy NOV, Inc) 

Fig. 9 17-4PH stainless steel solonoid valve blank produced by BJT  
(Courtesy Indo-MIM)
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wall thickness and feature size in BJT 
need to be factored in. Fig. 10 identi-
fies the approximate crossover point 
between MIM and BJT from the cost 
of production point of view. 

Low-volume parts
Very low to low volumes (10–5,000 
parts/year) will fit the Binder Jetting 
process well, given that the higher 
cost of the process is offset by no 
upfront tooling cost. This is truer for 
US and European markets where 
the tooling costs are traditionally 
high. The very low volume category 
includes pre-production samples as 
well. 

The impact of Binder Jetting 
on ‘machine shops’ 

From Indo-MIM’s perspective, small 
machine shops have reasons to be 
apprehensive about the rise of the 
Binder Jetting process, as these 
firms predominantly cater to the 
demand for very low to low volumes 
of complex machined metal compo-
nents. However, it may take more 
than a decade before Binder Jetting 
can achieve the tolerances achieved 
by the machine shops. So, for now at 
least, they can relax.

The most sensible among those 
machine shops are adopting Binder 
Jetting to reduce the overall capital 
equipment cost in their business. 
The Shop System, a BJT machine 
produced by Desktop Metal, is 
designed precisely to cater to this 
market. Machine shops using the 
Shop System can now additively 
manufacture 90+% of the features of 
a component, then focus on finishing 
the dimensions that need closer 
tolerances via precision machining. 
Such a hybrid approach would help 
these companies reduce capital costs 
and headcount on the shop floor. 

Conclusion

As the technology underpinning 
Binder Jetting progresses, the 
dividing line will shift and comparison 
between the two processes may 
no longer favour MIM. Build speed, 
cost, availability of more common 
materials, dimensional process 
control during sintering and process 
automation will be just some of the 
contributing factors. 

Just look at the growth of 
mechanical ‘2D’ printing since the 15th 
century. We believe similar advance-
ment will occur in metal AM in the 

next few decades. With the relevant 
ingredients for the progress of any 
technology being far more readily 
available now than ever in history, 
and with the help of ever-expanding 
global collaboration on the technology 
development front, the lead time to 
bring any technology to maturity is 
shortening significantly.  

Binder Jetting will never fully 
replace any of the existing metal-
working processes, but it will 
augment the markets currently occu-
pied by MIM and help expand them. 
This includes adding more complex 
designs that can leverage the unique 
capabilities of the process. This is the 
reason, of course, why so many MIM 
companies are interested in adopting 
Binder Jetting as a new capability. 
Pioneering companies like Desktop 
Metal, and early adopters like 
Indo-MIM and many others globally 
can, and will, contribute to achieving 
the above goals.  

Author

Jag Holla  
Sr VP Marketing  
Indo-MIM Inc 
115 Floral Vale Blvd.  
Yardley, PA 19067
USA

Jag.H@indo-mim.com  
www.indo-mim.com

Fig. 10 At around 50 g part weight, BJT starts gaining over MIM. Often, 
complex shapes of higher weight are not mouldable without defects; hence 
a comparison of costs between MIM and BJT is only theoretical (Courtesy 
Indo-MIM)
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A new manufacturing process 
for marked metal products has 
been introduced in a collabora-
tion between Germany's Tailorlux 
GmbH, a leading solution provider 
for optical fingerprinting of prod-
ucts, and Demcon Metal Injection 
Moulding, the Netherlands. The 
process involves embedding 
Tailorlux’s fluorescent particles in 
the MIM feedstock. This enables 
an efficient, one-step process 
and ensures that the fluorescent 
particles will remain detectable 
regardless of wear to the MIM 
product. 

The optical fingerprinting of 
products is on the rise in a wide 
range of markets, from luxury goods 
to industrial components to textiles, 
for counterfeit prevention, quality 
control or identification for recy-
cling purposes. Tailorlux provides 
authentication and traceability solu-
tions with covert markings that are 
‘linked’ to the product. Through its 
interdisciplinary expertise in light-
emitting materials and detection, 
Tailorlux has brought transparency 

and traceability to the value chains 
of various industries. Products are 
marked with a customisable and 
invisible optical fingerprint, based on 
fluorescent ceramic particles, which 
allows for the detection, verification 
and traceability of a product. 

Feedstock marker mixing

In many cases, Tailorlux’s optical 
fingerprints are applied onto a 
surface via a coating or spray. This 
requires an additional post-produc-
tion step and, in some cases, there 

Metal Injection Moulding is a technology that, in addition to its industrial 
application, is widely used for the manufacture of luxury goods, from 
watch cases to the decorative logos for exclusive handbags. For many such 
applications, the value of technologies for counterfeit prevention, quality 
control or identification for recycling purposes is very high. Here, Erik 
Dietrich, Applied Research Engineer at Demcon Metal Injection Moulding, 
Enschede, the Netherlands, reports on an innovative solution developed with 
Germany's Tailorlux GmbH that enables the integration of unique optical 
fingerprint technology into MIM feedstocks.

In MIM we trust: Integrating 
optical fingerprinting in metal 
injection moulded products 

Optical fingerprinting for MIM and AM

Fig. 1 Injection moulding operations at Demcon MIM's facility in Enschede, the 
Netherlands (Courtesy Demcon MIM)
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In a first trial, when examined with 
the scanner, the finished MIM part 
emitted the unique signal of the used 
markers. This demonstrated that 
the fluorescent marker, or tracer 
particles, can survive the moulding 
process, including high-temperature 
sintering. Due to their small size 
and even distribution throughout the 
product, the particles do not affect 
product properties such as tensile 
strength, hardness, or corrosion 
resistance.

Overcoming the technical 
challenges

While the above sounds straightfor-
ward, some process optimisation 
was, of course, required. The addition 
of a foreign substance to an existing, 
proven feedstock formulation is 
always a critical intervention, as it 
can, at the very least, alter the flow 
characteristics of the feedstock. 
Should that happen, the proper-
ties of the sintered product might 
be affected. Fortunately, due to 
the high sensitivity of the Tailorlux 
scanners and the strong fluorescent 

is the risk that the marking could be 
removed, for example by sanding or 
chemical cleaning. Now, Demcon 
MIM has combined its proprietary 
feedstock formulation with a low 

concentration of Tailorlux’s fluo-
rescent particles. The resulting 
feedstock can be moulded, debound 
and sintered using standard Metal 
Injection Moulding procedures. 

Fig. 2 Tailorlux, as a provider of security markings, can contribute to safeguarding product quality and brand promises by 
optical fingerprinting of raw materials, fabrics and products (Courtesy Tailorlux)

Fig. 3 Optical fingerprinting can be seamlessly integrated in the Metal Injection 
Moulding process at Demcon MIM. These samples were produced from 316L 
stainless steel by moulding the proprietary feedstock mixed with Tailorlux’s 
marker particles (Courtesy Demcon MIM)
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signal of the marker particles, only 
a small amount of marker material 
was needed to obtain a measurable 
response from the feedstock and the 
sintered product. 

As Demcon MIM has extensive 
experience in producing its own 
feedstock from metal powder and a 
polymeric binder system, it decided 
to set up a trial and blend the marker 
particles with standard 316L stain-
less steel powder. The blended 
powder, in which less than 1% of the 
metal powder was replaced by fluo-
rescent marker particles, was then 
mixed with the polymeric binder to 
yield the marked feedstock. 

This two-step mixing process 
ensured a homogeneous distribu-
tion of the marker particles first 
throughout the metal powder, and 
then throughout the feedstock. 
Since the marker particles have a 
comparable micron-range size and 
the same rounded shape as the MIM 
powder used by Demcon MIM, only 
a few modifications of the feedstock 
formulation were needed to avoid 
issues such as particle aggregation 
and viscosity reduction.

Fig. 4 Original parts can easily be verified using a dedicated scanner (Courtesy 
Demcon MIM)

The inorganic markers that 
Tailorlux uses for optical 
fingerprinting can be detected 
by a dedicated spectrometer, 
integrated in a scanner in either 
a handheld or an inline version 
(Courtesy Tailorlux)

Tailorlux: expertise in 
integrity solutions 

Tailorlux’s unique anti-
counterfeiting technology uses 
ceramic particles as inorganic 
markers that are integrated 
invisibly into products such as 
high-value luxury goods or indus-
trial products, their packaging, 
other trade goods, textiles and 
coatings. These markers can be 
detected through the phenomenon 
of fluorescence by a dedicated 
Tailorlux spectrometer, integrated 
in a scanner in either a handheld 
or an inline version, using a special 
key-lock principle for maximum 
safety. Approximately seventy 
source materials can be used 
and combined to create individual 
fingerprints for products. The 
materials are toxicologically harm-
less, do not the affect the marked 
material, and are heat resistant up 
to 1,700°C.

In 2009, Tailorlux was founded 
as a spin-off from research on 
luminescent materials at Münster 
University of Applied Sciences, 
Germany. Its in-depth knowledge 
of inorganic chemistry, materials 
science and optics formed the 
basis of the development of intel-
ligent product protection solutions 
using tailor-made UV light emis-
sions. In 2016, an independent 
legal opinion confirmed that 
Tailorlux technology can be used 
to identify materials and prove 
authenticity in legal proceedings 
under German law. More complex 
and larger projects led to a stra-
tegic reorientation, from a provider 
of ‘smart materials’ to a specialist 
for ‘integrity solutions’.

Initial moulding attempts revealed 
some minor issues with the filling of 
the mould cavities, including typical 
moulding defects such as a poor 
surface finish. After optimisation of 
the mixing process and binder ingre-
dients, viscosities identical to the 
original feedstock were obtained and 

moulding behaviour of the marked 
feedstock was improved to the point 
that it appeared to be identical to 
that of the standard feedstock. It 
took several iterations, however, 
to optimise the mixing procedure 
and resulting feedstock properties 
to obtain a feedstock that is fully 

Currently, Tailorlux employs 
about eighteen staff, has 600 m2 of 
lab facilities, and offers a range of 
over 1,200 marked product lines 
for customers worldwide.

www.tailorlux.com/en/
solutions-services/  
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interchangeable with the standard 
feedstock formulation.

Demcon MIM uses a two-step 
debinding process, followed by a 
sintering step under hydrogen. The 
first debinding step uses water as 
a solvent, which did not raise any 
issues with the fluorescent particles. 
However, the second debinding 
step, a thermal process under an 
oxidising atmosphere, followed by 
high-temperature sintering under 
a reducing atmosphere, placed 
high demands on the chemical and 
thermal stability of the ceramic parti-
cles. As stated above, however, these 
particles survived all process steps 
and maintained their fluorescent 
behaviour. Post-processing, which 
here involved some light polishing, 
did not affect the marker detectability 
either. 

To obtain definitive proof, a series 
of sample products was moulded 
using either a standard, non-marked 
316L feedstock or the new fluores-
cent 316L feedstock. The moulding 
parameters were compared, as were 
final properties such as density, 
dimensions and hardness. No differ-
ences were found. 

The advantages and 
applications of this 
technology 

Embedding the fluorescent particles 
in the feedstock has distinct advan-
tages over other methods of marking, 
as it narrows the actual manufac-
turing and marking procedure to a 
one-step process, because it does not 
require the subsequent application of 
a fluorescent coating or paint. Also, 
as the marker particles are present 
throughout the entire product, they 
will remain detectable regardless of 
any product wear, whether this has 
a natural cause or has been induced 
intentionally. Moreover, the MIM 
process further adds to the copy-
proof nature of the fingerprinted 
products, as the unique MIM designs 
are hard to recreate and reproduce. 
This further increases the reliability 
and trustworthiness of the finger-
printing solution. 

Naturally, Tailorlux’s finger-
printing technology can be applied 
to products that are already made by 
Metal Injection Moulding. Examples 
include the casings of luxury watches, 
buckles of expensive bags, and 
bracelet links, as well as critical 
industrial parts such as bearings, 
cogwheels, etc. In addition, the added 
value of counterfeit prevention, trace-
ability and/or quality control may 
encourage companies to explore new 
opportunities for manufacturing prod-
ucts by MIM or sinter-based Additive 
Manufacturing (AM) processes such 
as those that use MIM feedstock in 
pellet or filament form.  As Demcon 
MIM’s feedstock can be used for 
AM as well, this is a viable option. 
The first proof-of-principle marked 
products have already been additively 
manufactured. 

Conclusion

The application of optical finger-
printing is new to the worlds of Metal 
Injection Moulding and Additive 
Manufacturing. This was confirmed 
at last year’s Formnext, where many 

One of Demcon MIM’s innovative 
MIM applications: the redesign 
and production of critical 
stainless-steel parts for enhancing 
the strength and stiffness of 
lightweight, partially magnesium-
based, handcuffs (Courtesy 
Demcon MIM)

Demcon Metal 
Injection Moulding

process thanks to the combination 
of its own R&D, its self-developed 
feedstock and strategic partner-
ships with Demcon group partners 
for design studies, finite-element 
simulations and industrialisation, 
as well as with mould manufac-
turers. 

Demcon MIM has been active 
since 2004 as part of the Demcon 
Group, a high-end technology 
developer and producer head-
quartered in Enschede, the 
Netherlands, that has a staff of 
900. Demcon MIM focuses on 
the design and manufacture of 
high-quality, complex products 
from small- to medium-sized 
series, as well as the high-
volume production of standard 
components. It provides complete 
support for MIM, starting from 
feasibility studies, redesigns and 
fast prototyping, up to the design 
of automated MIM production 
processes for high-volume series. 

Demcon MIM is located in 
Enschede and has over twenty 
staff. It controls the complete MIM 

visitors were surprised by – and 
showed a keen interest in – the 
potential of using marker-enhanced 
feedstock formulations.

From an economic perspective, 
adding the markers to MIM feedstock 
only leads to a minor cost increase 
for MIM products, which will certainly 
not be significant in cases where 
counterfeiting poses major chal-
lenges or where a higher degree of 
security is required.

Author
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Complex ceramic structures are 
attracting significant interest in 
today's engineering landscape 
thanks to the combination of 
innovative ways to design such 
structures – be they generative or 
algorithmic – and the capability of 
Additive Manufacturing processes 
in realising these designs. Such 
a combination allows the design 
and production of complex objects 
that are truly optimised for their 
function. This is happening in many 
application areas, such as mechan-
ical, thermal, chemical and optical 
engineering (Figs. 1-2) [1,2]. 

The mechanical application 
of complex ceramic structures 
might seem unrealistic due to 
their inherent fragility, but their 
complexity is the very reason why 
they can be utilised. The mechanical 
behaviour of ceramics, when shaped 
as a complex structure, can be 
significantly improved, overcoming 
the material’s fragility as some 
elements of these complex struc-
tures can work as fuses to deviate 
a crack’s path and thus dissipate 
elastic energy [3]. 

So, what is defined as a complex 
structure? The word complex derives 
from the Latin verb complecti, which 
means to embrace, to bring together 
several elements in one. In this case, 
a complex structure is an intricate 
object whose geometry is the result 
of the union of simple parts. 

In strut-based complex structures, 
the element is a bar (strut), which, 
properly arranged, creates a cell 
and then a lattice (Fig. 3). In surface-
based structures, the element is a 
curved surface again arranged into a 
cell, and then into the final structure 
(triply periodic minimal surfaces). 

The combination of generative and algorithmic design with Additive Manufacturing 
is opening up a new world of opportunity for ceramics. Whilst Ceramic Injection 
Moulding has, until now, been the manufacturing process that offered the greatest 
level of design freedom for industrial production, ceramic AM now brings a level of 
freedom to produce complex structures that go far beyond what can be moulded. 
Prof Alberto Ortona, from the Hybrid Materials Laboratory at University of Applied 
Sciences and Arts of Southern Switzerland (SUPSI), explores ceramic Binder 
Jetting, the opportunities that it presents, and its current limitations.  

Beyond Ceramic Injection 
Moulding: The potential of Binder 
Jetting for complex ceramic 
structures

Ceramic Binder Jetting

Fig. 1 Examples of complex ceramic structures for high-temperature 
applications. A porous burner in the background (Courtesy EngiCer) and a heat 
exchanger [1] (Courtesy SUPSI)
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These hierarchical ceramic struc-
tures are common in nature, mostly 
on a microscopic scale (Fig. 4).

Such complex structures are 
ordinarily produced by metal Additive 
Manufacturing processes. In the case 
of ceramics, however, their manufac-
ture is not so straightforward. This 
is because of the different chemical 
bonds of the constituent materials. 
In general, ceramic molecules are 
bound by covalent links and, thus, are 
unsuited to production by some of the 
current metal Additive Manufacturing 
processes. The production of ceramic 
components by Powder Bed Fusion 
(PBF) processes is still in a research 
phase, while indirect, or sinter-
based, processes such as Binder 
Jetting, Vat Photopolymerisation 
(VPP, also known as stereolithog-
raphy), and Material Extrusion (MEX) 
processes, such as Fused Filament 
Fabrication (FFF), are more mature. 

During indirect Additive 
Manufacturing, an object is shaped 
by ‘binding’ selectively adjacent 
powders together with a polymer 
binder. What comes out from the 
build process is a so-called green 
part: a composite material made 
of ceramic particles in a polymer 
matrix. This composite material then 
undergoes an initial low-temperature 
thermal debinding process to 
evacuate the polymeric phase and 
a subsequent higher temperature 
thermal process to consolidate the 
object by conventional sintering, 
or more exotic processes. Indirect 
Additive Manufacturing of ceramics 
is thus the combination of new AM 
technologies and the traditional firing 
of ceramics. Although this combi-
nation can be difficult to master, 
thousands of years of experience 
– from the earliest pottery onwards – 
does help.

Ceramic Binder Jetting 

As previously stated, there are 
several Additive Manufacturing 
processes that can be used to 
shape ceramic objects; however, 
here we are focusing on Binder 
Jetting because, to date, it holds the 

Fig. 2 Complex ceramic architectures for catalysers [2] made by extrusion (left) 
and by VPP (right)  (Courtesy SUPSI) 

Fig. 4 Examples of complex ceramic structures in nature. Top, strut based 
diatom (silica), and below, nacre, with a surface based structure. (Top images 
courtesy of Mary Ann Tiffany, San Diego State University, lower image courtesy 
Fabian Heinemann)

Fig. 3 Hierarchical construction of a complex structure: From left to right a bar 
(strut), a cell and the complex structure (Courtesy SUPSI)
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most promise for industrial-scale 
production at a competitive cost. 

Binder Jetting consists of the 
deposition of droplets of a liquid 
binding agent into a layer of ceramic 
powders. This layer-by-layer process 
is repeated many times until the 
complete shape of the component 
has been printed. The layered powder 
bed consolidates in the regions 
where the binder has been depos-
ited by crosslinking and/or solvent 
evaporation. Finally, the excess loose 
powder is removed in a process 
known as depowdering. 

Powder layers are spread by 
means of a doctor blade or by 
rollers; the latter option having the 

advantage of better compacting the 
powders before binder deposition. In 
order to evenly spread the powders 
and improve layer quality in the build 
volume, powders must show proper 
flowability – the ability of the powder 
to behave as a fluid. To achieve this, 
the powders must be as round as 
possible and with minimal interac-
tion, such as electrostatic attraction, 
in order to avoid agglomeration. 

This can be difficult to achieve 
with ceramic powders, which are 
normally produced by mechanically 
crushing large blocks into smaller 
particles. The only way to smooth 
their surface is to produce submicron 
powders and then agglomerate them 

by atomisation. Another route, if the 
material’s melting temperature is 
not too high, is to fuse and spray 
them in order to produce droplet-
like particles. 

Ceramics can be categorised 
as oxides, carbides and nitrides. 
The ones that, to the author’s 
knowledge, have been processed 
by Binder Jetting are presented in 
Table 1.

Binding agents can be thermo-
plastic or thermoset polymers, 
the most commonly used being, 
respectively, polyvinyl alcohol and 
phenolics. Normally, Binder Jetting 
uses coarse powders, not only to 
avoid agglomeration as previously 

Family Name Formula Source

Oxides

Silicon dioxide  SiO2 
Silica sands, Gibson, I, Rosen, D, and  Stucker, B (2015). Binder 
Jetting. In Additive Manufacturing Technologies (pp. 205-218). 
Springer, New York, NY.

Aluminium oxide  Al2O3 
Gonzalez, J A, et al. Characterization of ceramic components 
fabricated using Binder Jetting Additive Manufacturing tech-
nology. Ceramics International, 2016, 42.9: 10559-10564.

Cordierite 
 2MgO-2Al2O3-
5SiO2 

Snelling, D, et al. Fabrication of Cellular Cordierite Preforms 
via Binder Jetting. Virginia Tech Dep Mater Sci Eng, 2015, 
1434-1449.

Zirconium dioxide  ZrO2 
www.exone.com/en-US/3d-printing-materials-and-binders/
ceramic

Zirconium silicate  ZrSiO4 

Schiltz, J, Rosenberger, A, Render, T, Gatrell, B A, Qu, H, 
Steiner, C, ... and Schmid, S (2019). Wear of structural oxide 
ceramics produced through Additive Manufacturing. Procedia 
Manufacturing, 34, 780-788.

Carbides and 
carbon

Reaction bonded 
Silicon Carbide

 Si-SiC 

Zocca, A, Lima, P, Diener, S, Katsikis, N, and Günster, J (2019). 
Additive Manufacturing of SiSiC by layerwise slurry deposition 
and Binder Jetting (LSD-print). Journal of the European 
Ceramic Society, 39(13), 3527-3533

Titanium carbide  TiC 
Levy, A, Miriyev, A, Elliott, A, Babu, S S, and Frage, N (2017). 
Additive manufacturing of complex-shaped graded TiC/steel 
composites. Materials & Design, 118, 198-203

Born Carbide B4C
www.exone.com/en-US/3d-printing-materials-and-binders/
ceramic

Graphite and 
carbon powders

Popov, V, Fleisher, A, Muller-Kamskii, G, Shishkin, A, Katz-
Demyanetz, A, Travitzky, N, and Goel, S (2021). Novel hybrid 
method to additively manufacture denser graphite structures 
using Binder Jetting. Scientific Reports, 11(1), 1-11

Nitrides
Aluminium nitride  AlN 

Alan W Weher, Gene A Cochran, Glenn A Eisman, John P 
Henley, Bruce D Hook, and Lynne K Mills, Rapid Process for 
Manufacturing Aluminum Nitride Powder

Silicon nitride  Si3N4 Current research at SUPSI

Table 1 Different ceramic materials produced by Binder Jetting
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mentioned, but also because fine 
powders, with a high surface area, 
are difficult to wet with a polymer. 
Optimal powder wetting is crucial, 
as, on the one hand, a poor wetting 
will not allow the binder to infiltrate 
the as-deposited powder layer, 
whilst, on the other hand, an over-
wetting of the powder will cause it to 
spread too much, resulting in a loss 
of control of a part’s resolution. 

This is currently an important 
limitation of Binder Jetting for the 
production of complex ceramic 
components with fine features: we 

can increase resolution when we 
need fine powders, but this brings 
problems in dispersing them in 
a dry state and properly covering 
them with the drops from the print 
head. 

Furthermore, BJT parts made 
with fine powders can be difficult 
to remove during depowdering, as 
the polymeric binder components, 
while evaporating, migrate from 
the printed (or bound) regions to 
the dry, unbound, regions and can 
fasten fine powders in unwanted 
‘extra-geometry’ regions. 

Thermal processing: 
debinding and sintering

As previously stated, Binder Jetting 
is an indirect, sinter-based Additive 
Manufacturing process. This means 
that, after a part has been built, it 
must undergo two thermal processes: 
the first to remove the binder and the 
second to consolidate the part.

Debinding is a fundamental step 
in manufacturing processes such as 
CIM, as it is the stage during which 
a large proportion of the polymer 
binder is removed from the compo-
nent, while keeping the powder 
particles as closely bound together as 
possible. 

The most common way to decom-
pose a binder is with the help of 
thermal energy. In this process, 
the heat is used to break the poly-
meric chains of the binder, first 
into oligomers and monomers, and 
then into smaller molecules. It is a 
complex process during which mass 
transport occurs, increasing the risk 
of the formation of defects in the 
component. During this pyrolysis, 
the mechanical strength of the part 
reduces consistently. It is important 
to increase the temperature of the 
part slowly in order to allow the 
decomposed binder materials to 
migrate from the core of the part to 
the outside without creating regions 
in which the pressure of the gasses 
exceeds the ultimate strength of the 
material. 

At higher temperatures (>400°C), 
other elements of the decomposing 
binder will migrate from the mate-
rial but, being smaller molecules, 
the chances that they freely diffuse 
through the material’s now open 
porosity are higher. It is worth 
mentioning that this is the most 
critical stage in CIM, as well as all 
sinter-based AM processes, and in 
thick (>5 mm) parts debinding can 
last up to a week.

The sintering stage, with the 
starting material now being 
composed of the ceramic powders 
loosely bonded by a small amount 
of remaining polymer binder, is 
performed at higher temperatures. 
In oxide ceramics, this sintering 

Fig. 5 Alice Rosa, MA student at SUPSI, with the laboratory's Innovent+ Binder 
Jetting machine from ExOne (Courtesy SUPSI)

Fig. 6 Oscar Santoliquido, a SUPSI staff researcher, with the laboratory's 
debinding and sintering furnace from Xerion Berlin Labatories GmbH (Courtesy 
SUPSI)

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/


March 2022    PIM International 81Vol. 16 No. 1  © 2022 Inovar Communications Ltd

| contents | news | advertisers | events | website | e-newsletter | Ceramic Binder Jetting

phase sees the powders in close 
proximity attract one another thanks 
to an atomic diffusion phenomenon 
induced by thermal energy. During 
sintering, the part shrinks because of 
these cohesive forces. It is important 
to control the temperature and dwell 
time in order to avoid distortions that 
alter the shape of the part. Due to the 
inherent difficulty in producing green 
parts from dry powders, it is difficult 
to produce fully dense parts. 

Achieving full density in complex 
ceramic structures produced by BJT 
is not, however, always the main goal. 
Indeed, many complex structures are 
produced partially dense on purpose, 
to allow wash coating for catalysis or 
osseointegration for biomaterials. A 
direct comparison of the bulk mate-
rial properties BJT and CIM should 
only be done for specific application 
types, such as structural components 
or ceramic cores for metal casting. 

In CIM, the more complicated the 
parts, the greater the initial invest-
ment in tooling and the longer the 
lead time. There is, of course, a limit 

to the complexity of design that a 
tool can deliver and, at this point, a 
process such as CIM can no longer 
be employed. This is happening 
in the turbine engine market, 
where manufacturers are forced 
to produce more efficient systems 
at lower costs. Better performance 
requires higher working tempera-
tures in the engine, so cooling 
becomes a critical factor and, 
consequently, ceramic cores are 
becoming ever more complex.

Post-processing: infiltration

An optional further processing step 
for complex ceramic BJT parts 
consists of infiltrating the micropo-
rosity with extra material. There are 
three ways to achieve this:

Polymer impregnation and pyrolysis 
The materials obtained do not 
possess high thermomechanical or 
oxidative resistant properties because 
of the amorphous characteristic of 

“Achieving full density in complex ceramics 
structures produced by BJT is not, 

however, always the main goal. Indeed, 
many complex structures are produced 

partially dense on purpose, to allow wash 
coating for catalysis or osseointegration for 

biomaterials.”

Fig. 7 Green gyroid structure (triply periodic minimal surfaces) size 40 x 40 x 40 mm (Courtesy SUPSI)
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their compositions. Nevertheless, in 
many cases, it is sufficient to produce 
parts for a number of applications [4]. 

Liquid silicon infiltration or reaction 
bonding 
In this case, the part is placed into 
a vacuum furnace in contact with 
silicon, which, by bringing the furnace 
temperature above the melting 
temperature of silicon in vacuum, 
infiltrates the object’s macroporosity 
by capillary action [5]. 

Chemical Vapour Infiltration 
This process can lead to a material 
with high purity and level of crystal-
linity. As a drawback, it is expensive 
and slow [6]. 

Examples of ceramic Binder 
Jetting applications

To the best of the author’s knowl-
edge, ceramic Binder Jetting is not 
yet ready to commercially produce 
small objects with fine features; on 
the other hand, it is perfectly capable 
of the production of medium to large 
components in industrial quantities. 
The following are some examples of 
complex ceramic structures that have 
been produced thanks to the Binder 
Jetting of ceramics.

Catalytic supports
Johnson Matthey, UK, has explored 
ceramic BJT to produce a new 
generation of catalyst supports. These 
are commonly used in the chemical 
industry for heterogeneous catalytic 
reactions in fixed-bed reactors. These 
ceramic supports are further coated 
with a catalytic material. With Additive 
Manufacturing, it is now possible to 
design complex shapes with consider-
ably more available surface area. This 
solution can also be applied to the 
design of smaller reaction units. 

Diesel injection and combustion in 
porous structures
Reaction-bonded silicon infiltrated 
silicon carbide ceramic (RB-SiSiC) 
strut lattice structures produced by 
ceramic Binder Jetting are being 
developed to improve air–fuel mixture 

“...ceramic Binder Jetting is not yet ready 
to commercially produce small objects 
with fine features; on the other hand, it 
is perfectly capable of the production of 

medium to large components in industrial 
quantities.”

Fig. 8 Si-SiC heat exchanger with and without an external shell (Courtesy 
SUPSI)

Fig. 9 A highly complex ceramic architecture, this silicon carbide 
tetrakaidecahedron cell-based lattice has a cell size of 8 mm and a strut 
diameter of 1.5 mm (Courtesy SUPSI)
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formation and for nonstationary 
lean-burn under pressure diesel 
applications [7]. It was shown that 
pre-ignition processes in the porous 
reactor are much faster than in a 
free combustion, especially at lower 
temperatures.

Heat exchangers
Complex porous architectures are 
ideal gas-gas heat exchangers 
as they dramatically improve the 
performance, especially at high 
temperatures (Fig. 8). The resolution 
capability that is now available with 
a new generation of BJT machines is 
making these products attractive for 
heat recovery applications [8].

Binder Jetting versus Vat 
Photopolymerisation

Comparisons between ceramic 
Binder Jetting and ceramic VPP, 
whilst inevitable, are not straightfor-
ward to make. There are two factors 
that might influence the choice of one 

process over the other: powder size 
and the powder’s refractive index. 
Powder size governs both the AM 
processing route and the thermal 
process to consolidate the as-built 
parts. In the first case, VPP has an 
advantage over BJT because it can 
handle much finer powders. This 
advantage, however, disappears if 
the powders to be used absorb the 
UV light used in the process – for 
example, SiC powders. 

Overall, ceramic Binder Jetting 
can be considered more flexible 

than VPP, but it shows limitations 
because of the coarser powders that 
need to be used, which are in turn 
more difficult to sinter. However, 
the scaling up of the production of 
ceramic components can be more 
easily achieved with Binder Jetting, 
while VPP is still to be fully exploited 
‘at scale’. This is particularly true for 
high volume sinter-based manufac-
turing, as debinding and sintering 
large batches of green parts in 
industrial-sized furnaces has a 
considerable economic advantage, 

“Comparisons between ceramic 
Binder Jetting and ceramic VPP, whilst 

inevitable, are not straightforward to 
make. There are two factors that might 
influence the choice of one process over 
the other: powder size and the powder’s 

refractive index.”

Fig. 10 A complex ceramic structure produced on ExOne's Innovent+ Binder Jetting machine (Courtesy ExOne)
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as well as advantages in terms of 
energy consumption and workforce 
requirements. 

Conclusion

Binder Jetting should be considered 
one of the more mature processes for 
the production of complex ceramic 
components. It has a great potential 
in industrial applications because of 
the ease in scaling up the machines 
and the relevant manufacturing 
processes. Indeed, for sand mould 
production for metal casting, it is a 
widely accepted production process. 
To date, the main drawbacks of 
ceramic Binder Jetting are the 
low achievable resolutions of fine 
geometrical features and the residual 
porosity in the final product.

A good overview of the current 
status of ceramic AM could be found 
at the Formnext 2021 trade fair in 
Frankfurt, Germany. The number of 
exhibitors involved in ceramic AM has 
dramatically increased over recent 
years. Some of these companies were 
even competing in terms of booth 
size and impact with major metal and 
plastic AM companies. 

In terms of the visibility of the 
various ceramic AM processes, the 
spotlight has clearly been on ceramic 
VPP solutions, for which there are 
a number of high-profile machine 
suppliers whose technology is dedi-
cated to the production of small, 
precision ceramic parts. Ceramic 
Binder Jetting is far less visible, in 
large part because the relevant BJT 
machine producers are more focused 
on leveraging the opportunities for 

metal BJT part production and, in 
the case of ExOne, also sand casting 
moulds.

All the currently commercially 
viable ceramic AM processes are 
based on indirect, sinter-based AM 
processes. Although these processes 
can be considered to be relatively 
mature, they are generally slower and 
more time and energy consuming than 
direct AM. As soon as a reliable and 
effective direct AM process becomes 
available for ceramics, the land-
scape and opportunities will change 
dramatically. 
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“In terms of the visibility of the various 
ceramic AM processes, the spotlight has 

clearly been on ceramic VPP solutions, for 
which there are a number of high-profile 

machine suppliers whose technology 
is dedicated to the production of small, 

precision ceramic parts.”
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Although their mechanical 
properties are typically lower 
than those of low-alloy auste-
nitic steels, stainless steels 
nevertheless provide the high 
corrosion resistance required by 
many applications. In contrast to 
standard steels, stainless steels 
have a particular feature: they 
form a chromium oxide (Cr2O3) 
passivation layer, which protects 
them from corrosion. Unlike other 
oxides, chromium oxide is a stable, 
homogeneous oxide with a coef-
ficient of thermal expansion close 
to that of steel, which enables it to 
maintain its adhesion. In addition, 
it imparts a good surface appear-
ance, making it possible to achieve 
a satin or mirror polish finish, and 
renews itself without any require-
ment for additional coating.

Due to their high ductility, 
however, stainless steels, unlike 
other steels, can be difficult to 
machine or stamp. It should also 
be noted that some processes 
generate high strain hardening 
levels (rolling), which can result 
in a catastrophic degradation of 
its noted corrosion resistance. 

Moreover, brazing and welding 
operations carry the disadvantage 
of locally modifying the material’s 
microstructure and fostering chro-
mium carbide precipitation, which 
can also result in corrosion resist-
ance degradation. The suitability of 
traditional manufacturing processes 

may, therefore, be limited, particu-
larly in the case of small, highly 
complex parts.

In many fields, such as medical 
and watchmaking, the Metal 
Injection Moulding process has 
played a major role in allowing the 
production of stainless steel parts 

The ability of Metal Injection Moulding to efficiently manufacture complex 
stainless steel components to net shape has enabled it to become a go-to 
technology for sectors such as watchmaking, luxury goods and medical 
devices. However, the challenge of meeting the growing demand for nickel-
free stainless steels presents a number of challenges for MIM producers. 
In this article, Pierre Girin and Jean-Claude Bihr, from France's Alliance 
MIM, review these challenges and share insight into the processing of a 
material class that holds great promise for the industry.

High-nitrogen, nickel-free 
austenitic stainless steel for  
Metal Injection Moulding

Nickel-free MIM

Fig. 1 A selection of MIM stainless steel components manufactured by Alliance 
MIM
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at a lower price than would be 
possible using machining. In some 
cases, MIM has also enabled the 
consolidation of multiple compo-
nents into one part, thus avoiding 
the brazing and welding issues 
mentioned above.

The limits of nickel-
containing stainless steels

The most commonly used grades 
of stainless steel contain nickel, 
which carries two unfortunate 
drawbacks. 

Firstly, the presence of nickel 
can cause allergic reactions in 
humans; on contact with skin, if 
any corrosion occurs, nickel alloys 
can release allergenic ions which 
are then absorbed by the body. 
For a nickel-sensitive person, this 
could result in a skin rash leading 
to itching, redness, eczema, etc. 
Because of the immune memory of 
the human body, the first inflam-
matory reaction to nickel will tend 
to lower the person’s sensitivity 
threshold, which means that, at 
the next exposure, they will react 
more quickly and with stronger 
symptoms. It is estimated that, 
in Europe, nickel allergies affect 
10–15% of women and 2–5% of men 
[1]. 

Secondly, while the addition of 
large quantities of this element 
increases toughness, it also 
increases ductility and malleability. 
Parts produced in this way can be 
easily scratched during use. For 
instance, the buckle or clasp of 
a watch bracelet (316L; 120-140 
HV hardness) [2] will be scratched 
immediately after leaving its box. 
The low hardness of a nickel stain-
less steel therefore strongly limits 
functional applications requiring 
resistance to friction (e.g., rack 
and pinions). The presence of this 
element, therefore, limits the use 
of nickel-containing stainless 
steels, particularly in the field of 
jewellery, watchmaking and in the 
medical sector (for prostheses, 
implants, etc).

Fig. 3 Phase diagram of a stainless steel according to temperature 
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Fig. 2 Stability of austenitic microstructure according to different nickel 
concentrations 
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“The presence of nickel can cause 
allergic reactions in humans; on contact 
with skin, if any corrosion occurs, nickel 
alloys can release allergenic ions which 

are then absorbed by the body. For 
a nickel-sensitive person, this could 

result in a skin rash leading to itching, 
redness, eczema, etc.”
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How to eliminate nickel 
from MIM stainless steels

Composition
Unlike a low-alloy grade, a stain-
less steel contains a minimum of 
10.5% chromium, which confers 
corrosion-resistant properties 
through a passivating chromium, 
layer formation. However, as chro-
mium is alphagenic, it strongly 
favours ferrite α formation, a phase 
that is often unwanted due to its 
corrosion-sensitivity. The presence 
of a ferritic microstructure increases 
softness and magnetic properties. On 
the other hand, nickel has a strong 
gammagenic character; that is why 
its addition in large quantities makes 
it possible to obtain an austenitic 
gamma microstructure. It should 
also be noted that the austenitic 
phase is paramagnetic, which can 
be an additional benefit depending 
on the application. Fig. 2 shows the 
importance of nickel in the alloy, 
without which just 10% of chromium 
is enough to remove the austenitic 
structure. This is then replaced by a 
ferritic microstructure.

If the goal is to remove the nickel 
from the ferrous matrix, then it 
becomes necessary to compensate 
for its absence by exploiting the 
presence of other gammagenic 
elements to maintain the austenitic 
microstructure. Nickel-free stainless 
steels mainly contain the elements 
Fe-Cr-Mn-Mo-C-N. Fig. 3 shows the 
microstructure present according to 
temperature and Table 1 shows the 
ratio Creq/Nieq, with Creq representing 
the global participation of ferritic 
elements and Nieq the participation of 
austenitic elements.

In order to avoid ferrite formation, 
we can compare the gammagenic 
and ferritic role of the different 
elements via the following Schaeffler 
equation (valid for highly chromium-
enriched matrices) [3]:

Nieq=%Ni+%Co+0.1%Mn-
0.01(%Mn)2+18%N+30%C

Creq=%Cr+1.5%Mo+1.5%+0.5%Si+2
.3%V+1.75%Nb

Manganese has only a minimal 
impact on austenite formation, 
but increases the solubility rate of 
nitrogen, which has a strong impact. 
For this reason, though indirectly, 
its presence has a significant effect 
on the final microstructure of the 
steel. Thus, it should be noted that, 
although the addition of manganese 
improves machinability, it has an 
unfavourable effect on corrosion 
resistance. 

Nitrogen and carbon also stand 
out from the other elements, with 
respective effects of eighteen and 
thirty times higher than nickel at 
the equivalent concentration. It is 

easy to change the carbon concen-
tration directly during the alloy 
manufacture by addition, without 
impacting the cost. Nonetheless, 
obtaining an austenitic structure 
solely by increasing carbon content 
is not feasible: excessive carbon 
inclusion will lead to the formation 
of precipitates (usually Cr23C6) at 
grain boundaries, which strongly 
degrades the corrosion resistance 
due to local depletion of chromium. 
In addition, chromium carbides can 
reduce the polishing ability of the 
part concerned.

Nitrogen, meanwhile, is a 
relatively volatile element whose 

Designation
1.4404
316L

1.4435
UGIMA

1.4441
(Medical)

1.4539
/904L

Mn 1 1.2 1 1.2

N 0.05 0.04

C 0.03 0.02 0.03 0.02

Ni 11 13.3 14 25

Cu 1.40

Nieq 12 14.9 14.9 27

Cr 17.5 18 18 20

Mo 2 2.75 3 4.50

Si 0.5 0.3 0.3 0.30

Creq 20.7 22.3 22.6 26.9

Creq / Nieq 1.88 1.67 1.61 1.07

Table 1 Ratio Creq/Nieq, compared some conventional nickel-containing 
stainless steels with their ratio Creq/Nieq

“...obtaining an austenitic structure 
solely by increasing carbon content 

is not feasible: excessive carbon 
inclusion will lead to the formation of 
precipitates (usually Cr23C6) at grain 

boundaries, which strongly degrades 
the corrosion resistance...”

Nickel-free MIM
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Fig. 4 Phase diagram of PANACEA. The dotted line shows that the nitrides 
formation occurs under about 1000°C

concentration within the steel can 
easily change at high temperatures, 
depending on the composition of 
the surrounding atmosphere. It 
is, therefore, possible to modify 
nitrogen content during part manu-
facture. However, it is necessary 
to consider a limit concentration 
beyond which chromium nitrides 
(Cr2N type) precipitate.

Microstructure
It is very important to consider 
not just the composition of the 
alloy, but also how to control the 
microstructure of the final parts. 
The microstructure of the stain-
less steel helps to determine its 
mechanical properties and can 
impact corrosion resistance. The 
microstructure achieved depends 
on the manufacturing method used; 
this can completely change the 
mechanical properties of a part, as 
shown in Table 2. Microstructure 
and composition are linked but 
must be considered separately and 
absolutely controlled.

Manufacturing
The nickel-free austenitic steel 
used and studied here is named 
PANACEA (Protection Against 
Nickel Allergy, Corrosion, Erosion 
and Abrasion) and has the compo-
sition shown in Table 3. During 
injection moulding and subsequent 
debinding, no major differences 
were noticed between nickel-
containing stainless steel and 
PANACEA. 

The behaviour of alloy mainly 
changed during sintering and 
heat treatment as with a standard 
stainless steel, sintering is used 
to transform the part from bound 
powder to a dense and mechani-
cally viable structure. As we can see 
in Fig. 4, PANACEA, with its < 0.5 
nickel content, was predicted to 
form nitride precipitates in the case 
of slow cooling which occurs in a 
sintering oven. 

After sintering, this statement 
was verified with the formation of 
nitride Cr2N around the part. Fig. 5 
shows a cross sectional view of the 
sintered PANACEA part showing 
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Table 3 Composition of PANACEA. (1) according to NFX 41-002;
(2) according to NF S 80-772

Element %

C(1) 0.05-0.15

 Mn(2) 10-12

P(2) < 0.01

S(1) < 0.005

Cr(2) 16.5-17.5

Ni(2) < 0.5

Mo(2) 3-3.5

N(2) 0.75

Fe Compl.

Table 2 Mechanical properties for the same 316L alloy composition processed 
using different manufacturing methods

Rp0.2 Rm A% HV1

Annealed > 190 490-490 > 45 125-200

Cold work to max. 1300 1400 5 430

“ The microstructure of the 
stainless steel helps to determine 
its mechanical properties and can 
impact corrosion resistance. The 

microstructure achieved depends on 
the manufacturing method used...”
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Fig. 6 Continuous Cooling Transformation (CCT) diagram for PANACEA

Fig. 5 Cross section of a PANACEA sintered part (optical microscope) with nitride presence on the surface (darker layer)

this behaviour. Moreover, the slow 
cooling period increased the amount 
of ferrite which could be detected 
after sintering.

As shown by the Continuous 
Cooling Transformation (CCT) 
diagram in Fig. 6, nitride precipita-
tion doesn’t occur with a fast enough 
cooling rate. After sintering, heat 
treatment is necessary to ensure 
that a complete austenitic structure 
is obtained by rapid cooling. After 
heat treatment with fast cooling, the 
nitride layer disappears (Fig. 6) and 
the ferrite is almost removed (less 
than 1.5%). 

Regarding watchmaking and 
sweat corrosion tests, the obtained 
parts were shown to be resilient 
to corrosion (see technical data 
sheet in appendix) and, in addition, 
the absence of nickel within those 
parts ensured a release of less than 
0.1 mg/cm2 per week as well as an 
approximately 300 HV surface hard-
ness (as a reminder, a 316L steel has 
a hardness of between 120 and 140 
HV without work hardening).

From the surface to a certain 
depth, the sintered part has a dense 
microstructure with no residual 
porosity (Fig. 7). The polishing 
of this layer allows an excellent 
aesthetic result. From a certain 
depth, however, residual porosity 
can be observed. This porosity, which 
is substantial, can be an issue: for 
aesthetic parts, an exaggerated 
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Nickel-free MIM

“From the surface to a certain 
depth, the sintered part has a dense 

microstructure with no residual 
porosity (Fig. 7). The polishing of this 
layer allows an excellent aesthetic 

result. From a certain depth, however, 
residual porosity can be observed.”

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/


PIM International     March 202292 © 2022 Inovar Communications Ltd   Vol. 16 No. 1

| contents | news | advertisers | events | website | e-newsletter |

Fig. 7 Optical microscope cross sectional view of a PANACEA Material sintered 
without nitrides
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Fig. 8 In locations with a raised surface area, resulting in a gap in the depth of 
the dense layer, polishing too deeply could result in a ‘ladybird’ effect
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polishing removes the dense layer 
and reveals the porous layer which 
allows visible pitting to appear and 
decreases the polish quality. This 
is especially true in locations with a 
raised surface area, resulting in a 
gap in the depth of the dense layer: 
polishing too deeply could result in a 
‘ladybird’ effect, as shown in Fig. 8. 

Conclusion

The use of standard stainless 
steels is prevalent in many sectors. 
However, many applications suffer 
from the limitations imposed by nick-
el’s presence, particularly in terms 
of hardness and salting-out. All the 
work carried out within Alliance-MIM 
on PANACEA materials was 
conducted with the aim of obtaining 
non-magnetic, corrosion-resistant 
parts with excellent hardness and 
impressive polishability, which are 
now available on the market. The use 
of nickel-free stainless steels with 
a high nitrogen content seems to be 
very promising in high-requirement 
fields such as luxury goods or 
medical applications. 
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The sustainability of inert 
gas atomised powders for 
MIM and AM

At the start point of the process 
chain, Paul A Davies, Sandvik 
Additive Manufacturing, UK/
Sweden, presented the perspective 
of the leading supplier of atomised 
powders to the MIM and Additive 
Manufacturing sectors [1].

After an initial discussion of the 
sustainability credentials of the 
Sandvik group as a whole, the pres-
entations turned to a consideration of 
the metal powder producing business 
in particular. A number of sustain-
ability goals, set by the business 
for 2030, were defined. In terms of 
circularity, measures associated with 
customers, the Sandvik operations 
themselves, and key suppliers to the 
business, were discussed. 

Business models for recycling/
circularity are being developed with 
customers. Within the company’s 
operations, at least 90% material 
circularity is sought for packaging, 
products, waste, and suppliers, with 
recycling processes significantly 

reducing energy consumption, 
lowering carbon emissions and 
producing less waste. The climate 
goal is to halve CO2 impact by 2030, 
throughout the same customer-
operations-suppliers chain. 

In relation to waste, the company 
needs to find a 38.8 kton reduction 
by 2030. In 2020, a year-on-year 

waste reduction of 18% was achieved 
(Fig. 1), giving an encouraging start 
on the trajectory towards the 2030 
target. Fig. 2 shows that, over the 
2016–2020 period, the reduction in 
CO2 emissions is also well on target 
to achieve the 50% reduction by 2030.

Recognising that it operates in 
heavy industry, where the work 

A Special Interest Seminar in the programme of the virtual Euro PM2021 
conference, organised by the European Powder Metallurgy Association 
(EPMA) and held October 18-22, 2021, focused on developments aimed at 
enhancing the sustainability of production by Metal Injection Moulding. This 
seminar comprised three presentations from representatives of different 
points in the MIM process chain.

The sustainability of Metal 
Injection Moulding: From 
powder to feedstock and 
finished parts

The sustainability of MIM

Fig. 1 Progress towards targets in waste reduction [1]
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environment can hold potential risks, 
the company also deems ensuring 
a safe and healthy workplace to be 
a high priority sustainability issue 
and the recent track record in 
reducing accident levels (Fig. 3) is 
encouraging.

The Sandvik AM operations 
comprise powder production facili-
ties in the UK and Sweden, as well 
as AM consultancy and manufac-
turing centres. The Sandvik Osprey 
metal powder facility in the UK 
operates eight inert gas atomiser 
units (IGA) that operate with argon 
and nitrogen and produce powders 
in the size range 5-80 µm. Sandvik 
Sweden operates one Vacuum Gas 
Atomisation (VIGA) unit and one EIGA 
titanium powder plant. The powder 
size range here is 20–200 µm.

The combination of titanium alloy 
powders, with their unique mate-
rial properties, and the net shape 
and energy-efficiency advantages of 
powder metallurgical processes such 
as MIM and AM, offers significant 
advantages in the manufacturing of 
sustainable products. 

Such a combination can offer 
advantages in eliminating waste, 
enabling the production of lighter 
components, making possible the 
merging of several components into 
one, and the minimisation of the use 
of cutting lubricants and cleaning 
fluids in conventional manufacturing. 
Part of the raw material for powder 
production is recycled scrap and 
manufacturing is based on 100% 
renewable energy.

Case studies were presented for 
two powder-based titanium appli-
cations – additively manufactured 
Coromill 390 end-mills, offering 80% 
reduced weight and 200% increased 
productivity compared with conven-
tional 390, and motor nodes for 
e-bikes (Fig. 4), also produced from 
Ti6Al4V by Laser Beam Powder Bed 
Fusion (PBF-LB). 

The latter product was described 
as a ‘game-changer’ in e-bike manu-
facture. Its designer, Zach Kraffl 
of GSD Global, stated, “We wanted 
to add the material advantages of 
titanium to our high-end e-bikes, but 
titanium parts are very difficult and 

Fig. 2 Progress in reducing greenhouse gas emissions [1]

Fig. 3 Improved safety in the workplace [1]

Fig. 4 Motor node for e-bike [1]
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costly to machine using CNC. With 
Sandvik Additive Manufacturing, we 
had a solution that proved to be not 
only financially feasible, but enabled 
substantial improvements in quality 
and energy efficiency.”

As shown in Fig. 5, the targeting 
of markets for MIM, as well as the 
complete range of powder-based 
AM technologies, offers an excel-
lent use of the wide powder size 
range produced by Sandvik. The 
sustainability of powder production is 
further enhanced by the recycling of 
over- and under-size powders at the 
sieving and classification stage. The 
advantages of recycling material in 
terms of emission and energy factors 
are quantified in Table 1. 

Finally, attention was drawn to 
new investments at Sandvik, with 
sustainability ramifications. New 
atomising capacity is to be intro-
duced in early 2022 and increased 
e-commerce is intended to reduce 
lead times and optimise the supply 
chain.

Sustainability in MIM: A 
feedstock producer's view

Moving along the process chain, 
Thorsten Staudt, Johanna Wallot 
and Marie-Claire Hermant (BASF 
SE, Germany) provided a leading 
feedstock producer’s view on 
sustainability in MIM [2].

Initially, this presentation asked 
the question as to whether MIM 
technology itself can be a solution for 
sustainable growth. It was proposed 
that MIM, a hybrid of two technolo-
gies – plastic injection moulding and 
Powder Metallurgy – is a net-shape 
production process, typically for 
highly complex small parts with thin 
walls, with a high material utilisation 
factor of 95-98%. This factor is, in 
itself, a major contributor to sustain-
able market growth.

BASF’s contribution to the MIM 
process chain is in feedstock produc-
tion. The company’s Catamold 
feedstocks are well-established 
market leading options for MIM 
producers, whilst Ultrafuse fila-
ments, and soon Cataprint pellets, 

will become ever more widely avail-
able for the closely related Material 
Extrusion (MEX) sinter-based AM 
technologies. In terms of areas 
of application, MIM parts occupy 
the high volume-high complexity 
quadrant of the diagram in Fig. 6. 

MIM significantly reduces waste, 
compared with competing casting, 
machining, forging and stamping 
processes.

In addressing the specific need 
for more sustainable feedstocks, 
the authors outlined BASF’s 

Fig. 5 Powder size distributions used in MIM and various AM technologies [1]

Table 1 Impact of recycling materials on the emission and energy factors 
associated with virgin materials [1]

Fig. 6 Where to apply MIM [2]
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experimental step-by-step approach, 
comprising the acquisition of a 
deep understanding of the problem, 
analysis of the value network, prior-
itisation of the major levers and 
experimentation to test hypotheses 
and act on the most significant levers.

Levers to reduce product carbon 
footprint and resource depletion 
along the value network have been 
defined as including:

• Use of renewable energy for 
production

• The metal powder used in the 
feedstock to be based on scrap, 
recycled raw materials or ‘green’ 
steel

• Increased process yield; 
decreased energy consumption, 
material consumption and labour 
content

• The use of ‘green’ hydrogen for 
QC and development

• Feedstock comprising organics 
based on recycled or renewable 
materials

• Enabling of the reuse of formal-
dehyde (in the catalytic debinding 
process) or wax 

Fig. 7 The circular economy for MIM products [2]

Fig. 8 Issues involved in the determination of cradle-to-gate PCFs for MIM feedstocks [2]
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The need to move from a linear to 
a circular economy, to avoid resource 
depletion, was emphasised and 
the implications of this for the MIM 
process are summarised in Fig. 7.

BASF has recognised the need 
for the definition of product carbon 
footprints (PCFs) in order to create 
customer transparency, and the 
company has been working on the 
introduction by the end of 2021 of a 
digital application to calculate green-
house gas emissions associated with 
45,000 of its products. 

The data included will comprise 
‘cradle-to-gate’ PCFs for BASF’s 
portfolio, based on process emis-
sions, energy demand and upstream 
emissions. Fig. 8 provides a 
perspective on the determination 
of cradle-to-gate PCFs for MIM 
feedstocks. The company expects a 
similar level of transparency from its 
suppliers, in order to gain a complete 
sustainability picture at part level over 
the whole value network.

Preliminary data has shown that 
the metal employed is the most 
important lever to reducing feed-
stock PCF; this conclusion holds for 
both pre-alloyed and master alloy 
approaches (Fig. 9). The focus of 
continuing work at BASF is on the 
range of levers listed above.

Sustainability of the 
MIM process from the 
perspective of a parts 
manufacturer

Finally, a perspective of a parts 
manufacturer, on the sustainability 
of the MIM process, was provided 
in a presentation by Jack Schwarz 
(GKN Powder Metallurgy, Germany) 
[3]. With a twenty-five year history, 
GKN is one of Europe’s leading MIM 
producers. In recent years, signifi-
cant AM capability has been added, 
including sinter-based AM in the form 
of Binder Jetting (BJT).

Initially, the presentation outlined 
the concepts followed by GKN in 
assessing sustainability (Fig. 10). 
Next, a number of case studies 
were cited in which the use of MIM 
is providing a sustainable solution. 

Firstly, the production of cable feed 
throughs (Fig. 11) by MIM can offer 
ready-to-use parts without the need 
for machining. These parts have very 
thin walls which require complex 

tooling because of the undercut for 
crimping. A constant wall thick-
ness and material behaviour are 
also essential for the correct plastic 
deformation. 

Fig. 9 Contributions of different components and processes to total feedstock 
carbon footprints [2]

Fig. 10 GKN concept for assessing company sustainability [3]

Fig. 11 Case study: cable feed through [3]

• Act ethically / compliant
• Ensure responsible purchasing

viable fair

liveable

sustainable

Economy

Environment Society

• Reduce environmental footprint
• Provide sustainable solutions
• Implement a circular economy

• Respect human rights
• Ensure health / safety at work 
• Develop skills & talents
• Support local communities 
• Promote diversity & inclusion

The sustainability of MIM

FOCUS

4%

95%

1%

Binder (primary and 
secondary)

Metal Powder 316L 
water atomised / CIP

Process

2%

97%

1%

Typical SS Prealloy Typical Masteralloy

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/


PIM International     March 2022100 © 2022 Inovar Communications Ltd   Vol. 16 No. 1

| contents | news | advertisers | events | website | e-newsletter |

Secondly, the processing of turbo-
charger adjustment rings from the 
special high-temperature alloy GHS 
(X220NiCrMo40-12-6) was discussed 
(Fig.12). This alloy system is diffi-
cult to cast because of segregation 
issues, providing a strong benefit for 
PM-based processing. As machining 
is also difficult, the benefits of the MIM 
process, in particular, come to the 
fore. 

Thirdly, the processing of the valve-
train components, as shown in Fig. 13, 
was discussed. These parts have tight 
requirements on dimensional and 
process stability. Fatigue strength is 
important, posing requirements on the 
material in terms of microstructural 
homogeneity, freedom form cracking 
and the need for minimal porosity 
with low pore diameters. Using MIM, 
the mass of the components can be 
reduced, improving the efficiency of 
the whole valvetrain and reducing fuel 
consumption.

Then, a breakdown of electrical 
energy throughout each area of the 
GKN factory (Fig. 14) emphasised 
the dominant position of debinding/
sintering in this regard. For the valve-
train component discussed above, 
for instance, the electricity consump-
tion in debinding and sintering was 
estimated at around 0.2 kWh/piece, 
compared with ~0.052 kWh/piece 
for injection moulding and a total of 
around 0.25 kWh/piece. By way of 
comparison, a rough estimate of the 
energy consumption for milling this 
product geometry from the solid was 
as much as 30 kWh per piece.

Unsurprisingly, therefore, current 
and planned future development 
activities are focused on the areas 
of sintering furnaces and sintering 
atmospheres. 

New MIM thermal process 
plant technology has been devel-
oped in collaboration with Cremer 
Thermoprozessanlagen GmbH, 
Germany, using computational fluid 
dynamic (CFD) modelling to deliver 
a 90% increase in furnace capacity 
for only a 20% increase in electricity 
consumption.

As 40% of the company’s produc-
tion is in stainless steels, hydrogen 
is used as the sintering atmosphere 

Fig. 12 Case study: turbocharger adjustment rings in GHS 4 
(X220NiCrMo40-12-6) [3]

Fig. 14 Breakdown of energy usage by area [3]

Fig. 13 Case study: valvetrain components [3]
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Fig. 15 Hydrogen production methods [3]

in order to keep carbon content at a 
low level. Hydrogen usage is over 36 
tonnes per annum. If ‘grey’ hydrogen 
were used, this would generate 
around 360 tonnes per annum of CO2 
emissions. Instead, ‘green’ hydrogen, 
produced by the electrolysis of water 
using renewable energy (Fig. 15), 
should be used.
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to a global audience. 
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Tel: +44 207 1939 749 
jon@inovar-communications.com AMT Pte Ltd 40

www.amt-mat.com
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RAPID + TCT 2022
May 17–19, 2022
Detroit, MI, USA
www.rapid3devent.com 

PM China 2022
May 23–25, 2022
Shanghai, China
www.pmexchina.com 

Hannover Messe 2022
May 30–June 2
Hannover, Germany
www.hannovermesse.de 

20th Plansee Seminar
May 30–June 3, 2022
Plansee Group, Reutte, Austria
www.plansee-seminar.com   

TCT 3Sixty
June 8–9, 2022
Birmingham, UK
www.tct3sixty.com

PowderMet2022 / AMPM2022
June 12–15, 2022
Portland, OR, USA
www.powdermet2022.org / www.ampm2022.org

EPHJ Trade Show
June 14–17, 2022
Geneva, Switzerland
www.ephj.ch/en  

Industry events

Events

EPMA Powder Metallurgy Summer School
June 20–24, 2022
Ciudad Real, Spain
www.summerschool.epma.com

Ceramitec 2022
June 21–24, 2022
Munich, Germany
www.ceramitec.com 

6th Additive Manufacturing Forum Berlin 2022
July 5–6, 2022
Berlin, Germany
www.am-forum.eu  

Ceramics Expo 2022
August 29–31, 2022
Cleveland, OH, USA
www.ceramicsexpousa.com  

PMTi2022
August 29–31, 2022
Montréal, QC, Canada
www.pmti2022.org  

13th International Conference on 
Hot Isostatic Pressing
September 11–14, 2022
Columbus, OH, USA
www.hip2022.com  

Formnext + PM South China
September 14–16, 2022
Shenzhen, China
www.formnext-pm.com  

World PM2022
October 9–13, 2022
Lyon, France
www.worldpm2022.com  

Formnext
November 15–18, 2022
Frankfurt, Germany
www.formnext.com

Event listings and 
Media Partners
If you would like to see your CIM, MIM 
or sinter-based AM related event 
listed in this magazine and on our 
websites, please contact Kim Hayes,  
kim@inovar-communications.com

PIM International is dedicated to driving awareness and development of MIM, CIM and sinter-based AM industries 
and its related technologies. Key to this aim is our support of a range of international partner conferences. View 
our complete events listing on www.pim-international.com
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https://summerschool.epma.com/


9- 13
OCTOBER 

2022
LYON - FRANCE

www.worldpm2022.com

EXHIBITION SALES OPEN
RESERVE  YOUR EXHIBITION BOOTH!
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CATERED 
NETWORKING 
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Maximise networking 

opportunities away from your 
stand with complimentary Coffee 

Breaks and the Poster Awards 
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COMPLIMENTARY 
WIFI

Stay connected and share your 
World PM2022 experience on 

Social Media with free WiFi 
throughout the Exhibition Area

PROMOTE  YOUR 
BUSINESS IN 

INDUSTRY CORNER
Book a presentation slot to tell 

the PM world about your 
innovations and breakthroughs

COMPONENT 
AWARD 2022 
SHOWCASE

Promote your innovate PM 
designs by showcasing your 

components in the Exhibition 
Area

https://bit.ly/3wDms9c
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Your entry into the world of electric injection moulding: the GOLDEN ELECTRIC 
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